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PREFACE. 



When I began teaching Botany in the Hughli College 
for the B A. Examination in January 1870, I felt the want 
of a test-book adapted for Indian students. The plants 
given as examples in the English, American and German 
text-books are not procurable in India, and thus render 
these works unsuitable for Indian requirements, 

These pages arc the result of my leisure hours for four 
years. Almost everything in this volume is deduced from 
my own personal experiences, 

The brevity required, in an introductory treatise will be 
my excuse if I omit the details nocessary for a more accu- 
rate knowledge, it would be impossible, even were it 
desirable, to define, in an elementary work of this kind, 
every scientific term in use by every writer. 

As the object of a study of natural science is the culti- 
vation of the observant faculties in the relation to the 
phenomena of nature, the specimens for examination, both 
by the naked eye and by the aid of a microscope, must lie 
readily procurable, otherwise the interest and benefit of 
the study is lost. From an educational point of view, the 
value of an acquaintance with natural science lies not so 
much in the more accumulation of facts as in familiarity 
with the methods of scientific investigation. The man who 
has been well trained in physical science has so great an 
intellectual advantage over the man who has not been 
thus trained, that, other things being equal, he will be able 
to form a sounder judgment, not only on scientific ques- 
tions, but on things in general. 

Sir J. 13. Hooker has statoif, that " the pupil may well 
afford to forget all the Botany he has learned, provided 
only that' he retains those habits which it inculcates, of 
observing accurately, reasoning intelligently, and describing 
what he has seen more methodically, accurately, and con- 
cisely than he would otherwise have done." 
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Professor Huxley, in an address delivered at Birmingham 
on 1st October 1880, said, that " the distinctive character of 
our own times lies in the vast and constantly increasing 
part which is played by Natural Knowledge. Not only is 
our daily life shaped by it — not only docs the prosperity of 
millions of men depend upon ib, hut our whole theory of 
life lias long been influenced, consciously or unconsciously, 
by the general conceptions of the universe, which have 
been forced upon us by physical science. 

" In fact, the most elementary acquaintance with the 
results of scientific investigation shows us that they offer 
a broad and striking contradiction to the opinion so impli- 
citly credited and taught in the middle ages. 

" The notions of the beginning and the end of the world 
entertained by our forefathers are no longer credible. It is 
very certain that the earth is not the chief body in the 
material universe, and that the world is not subordinated 
to man's use. It is even more certain that nature is fcho 
expression of. a definite order with which nothing interferes, 
and that the chief business of mankind is to learn that 
order and govern themselves accordingly. Moreover this 
scientific ' criticism of life ' presents itself to us with 
different credentials from any other. It appeals nob to 
authority, nor to what anybody may have thought or said, 
but to nature. It admits that all our interpretations of 
natural fact are more or less imperfect and symbolic, and 
bids the learner sock for truth not among -words hut among 
things. It warns us that the assertion which outstrips s 
evidence is not oidy a blunder but a crime." 

With reference to the phrase ' applied science,' lie stated, 
— " I often wish it had never been invented, for it suggests 
that there is a sort of scientific knowledge of direct prac- 
tical use, which can be studied apart from another sort of 
scientific knowledge, which is of no practical utility, and 
which is termed ' pure science.' But there is no more 
complete fallacy than this. What people call 'applied 
science ' is nothing hut the application of pure science to 
particular classes of problems. It consists of deductions 
from those general principles, established by reasoning and 
observation, which constitute pure science. No one can 
safely make the-ac deductions until he has a firm grasp of 
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the principles; and he can obtain that grasp only by per- 
sonal experience of the processes of observation and of 
reasoning on which they arc founded." 

The practical benefit derived from the study of the 
abnormal vital phenomena of plants has, of late years, 
received a good deal of attention. Sir James Paget recently 
counselled human pathologists to study the diseases of 
plants. There, he said, you will he able to study elemental 
pathology — the pathology of cells and tissues freed from the 
complexity of a circulating blood and a nervous system. 

The greater part of the student's knowledge must always 
be gained in the field, or with the dissecting knife in hand, 
Still he will need to be guided by the experience of previous 
observers, and to be acquainted with the recognised des- 
criptive terms used in his science. It is for these purposes, 
and not to replace the necessity for observations of his 
own, that I have introduced the tables given at pages 5, 7, 
13, 1 5, 17, 10, 31, 40, 43, 4G, 50 ,53, 85, and G7. These tables 
will also ho found useful iu describing plants (see p. 71). 

With reference to the naming of plants found during 
excursions (see pp. 286 — 293). The following works are 
essential for reference. With regard to flowering plants, 
consult Roxburgh's Flora Tndica, Mr. C. J3. Clarke's Edition. 
Flora of British India, Hooper: "This now work might 
be supposed to supersede Roxburgh altogether, but I do not 
think that non-professional Botanists can use a book con- 
taining 15,000 species, unless thoy have many landmarks, 
bof.} of orders and genera, well fixed in their minds, To 
c-tfrch a book of this size for a plant is worse than search- 
ing for a needle in a bundlo of hay. Now, Roxburgh's 
book, it has boon found by experience, is a useful book for 
planters and other English denizens who, without being 
great Botanists, take a sufficient interest in the plants to 
spend a little time in really working with a book." — Clarke, 
For the naming of cultivated plants, a manual of gardening 
by All*. T. A. C. Firminger will bo found useful. 

For the purpose of naming non-llowering plants (Ferns), 
the Synopsis Filionm of Hooker and Baker should bo con- 
sulted (see pp. 232 and 230). For the naming of Mosses 
anrl Liverworts, refer to books mentioned at pp. 240 and 
247. No plants are so easy to prepare for the herbarium 
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as mosses ; they easily part with any moisture which they 
have imbibed; and it' common cave is used, they are not 
liable to be spoiled "by damp or seriously injured by the 
depredation of insects. 

With regard to the Thallophyta, the English Edition of 
Sach's text-book (Clarendon Press) should be consulted ; 
also works named on pages 263, 273, and 281. 

The tables given at pages SOry, 80/,:, 187, 220, 246, 256, 
and 278 will bo found useful by beginners to enable them 
to get a general idea of the position occupied by the vari- 
ous groups of plants in the vegetable kingdom, 

The whole of the present work has been carefully revised 
by Mr. W. Botting Eemsley, of Kew. 

" At the meeting of the British Association at Swansea 
in August 1879, a new classification of Cryptogams was 
proposed by ilr. Alfred W. Bennett. He retains Sach's 
class of Protophyta for the lowest forms of vegetative life : 
but restores the primary division of the remainder of 
Thallophytes into Fungi a,nd Algae, as being more conve- 
nient to the student, and at least as much in accordance 
with probable genetic affinities. 

" As regards minor points, the Characefe are removed alto- 
gether from Thallophytes, and again constituted into a 
separate group of the first rank ; Myxomyeetos are regard- 
ed as presenting a low type of structure, scarcely raised 
above the Protophyta, and not exhibiting true sexual con- 
jugation ; Vol vox and its allies are removed from the 1 
•Zygospores to the Oospores; and the Plnoosporest. are 
separated off as a distinct order from the Fucacese. 

" The Thallophytes are, therefore, first of all divided into 
three primary classes: Protophyta, Fungi, and AlgiB. Tho^ 
Protophyta are divisible into two sub-classes, Protomycetcs 
and Protophycese. The Protomycetes consist of a single 
order, the Schizomyces, of which Saceharomyces is regarded 
as an aberrant form. The Protophyccaj are composed oC 
the ProtococcocGflJ (including Palme! lacete and Seytouemoaj), 
ISTostocacere, Oscillatoriese, and 1-vivularieie. The Myxomy- 
eetes are treated as a supplement to the Protophyta. 

" The Fungi are made up ot" three sub-classes, employing 
in the main the same characters as Sach's, but in their 
terminology, using the syllabic ' spem ' instead of ''spore.' 
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ERRATA.. 

Page 104, line fl from bottom,/flr ' black and green tea,' etc., read ' The 
indigenous or hybrid plant makes the heat black ten, and tlio plant pro- 
duced from seed originally imported from China, the beBt green tea,' 

Page 170, line 1, for ' Rarnex,' read ' Bumex.' 
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Flowering plants are classified (see page 80g) into two 
divisions : 1st, Angiospermia, in which the ovules are pro- 
duced in the interior of a structure (the ovary) formed by 
the cohesion of carpellary leaves ; 2nd, Gymnospermia, 
in which the ovules arc not enclosed in an ovary. The 
Angiospermia are again divided into two classes — Dicoty- 
ledons and Monocotyledons. 

The seeds of monocotyledons usually contain a strongly 

developed endosperm 
and a comparatively ' 
small embryo ; these are 
particularly well seen 
in large seeds, such as 
those of Phoenix, Cri- 
num, and Gocos fsee 
Fig. _ 160). a the 
OrchidesB and some 
other orders, the parts 
of the embryo of the 
ripe seed are not dif- 
ferentiated. 

The growth of the 
,„ primary roots of 
monocotyledons soon 
ceases, even when they 
are strongly developed 
during germination, 

Section of a cocoamir, showing tlio soed .t, with as ll1 -Laimeas, Xjlli- 
a minute ombvyo. aceae, &c.j and second- 

ary roots are developed in their place, which are 
stronger the higher up they are produced on the axis, In 
grasses the vascular bundles form a closed hollow cylinder, 
which at first encloses the central pith. 
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The plumule of the embryo is usually enclosed in a 

single sheathing coty- 
ledon, the apex of which 
usually remains within 
the seed during germi- 
nation, and rarely de- 
velops into a sheath- 
like leaf. The axis of 
the embryo at first 
takes the form of an 
inverted cone, depend- 
ent on the first formed 
portions of the stem 
retaining their original 
size, while each succes- 
sive portion is larger ;' 
after a time the stem 
striking peculiarity of a 




Section of n si era of a palm, showing the 
isolation of the tibro-vaacular bundles. 

becomes cylindrical. The most 

cross-section of a monocotyledonous stem at first sight is the 
isolation of the fibro-vascular bundles (see Fig. 167). The 
fibro-vascular bundles grow outwards crossing the growing 
cellular tissue (secondary meristem), in which placo they 
branch, — one division, expanding into a number of fibres, 
enters the leaf through the epidermal layer, the other taking 
a similar course to the next older bundle. The bundles 
being of the closed kind, i.e., being incapable of producing 
new tissue, they acquiro their full development before the 
leaf to which they belong falls ; hence, as a general rule, 
the stems do not increase in diameter to such an extent 
as they do in dicotyledons. 

The bundles formed from the united fibres are most strong- 
ly do v eloped at the curved portion towards the centre of 
the stem ; the lower portion of the bundles being expand- 
ed into distinct fibres in a manner similar to the upper 
portion. 

The usual mode of branching of monocotyledons is mono- 
podial (seo modes of branching, page 15), i.e., the generating 
structure continues to grow at its apex, while lateral struc- 
tures are given off beneath it ; a bud is generally formed in 
the axil of each leaf, but often does not unfold, so that the 
number of branches is often less than that of the leaves. 
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The foliage leaves of monocotyledons are commonly 
arranged alternately in two rows (see Fig. IdS) ; the arrange- 



Fig. 108. 





Diagram showing Hie alter- 
nate arrangement of the foli- 
age leaves on I he stem, at 
ocoura in many Monocotyle- 
dons. 



Horizontal projection 
of a cycle of llio J 
ariangemeiit of leaves. 



ment with the angle of divergence, £rd, is much rarer 
(see Fig, 169'), but occurs in some Oyperacens, Pand-mcicese, 
rig. no. &c; in some Musacero the angle of 

divergence is yth : spiral arrange- 
ments of foliage leaves are common 
in Aloe, Palms, &c, &c. The foliage 
leaves are usually sheathing at the 
base; this is evidently connected 
with the want of stipules, which are 
so frequently found among dicotyle- 
dons. The venation of the foliage 
leaves differs from that of most dico- 
tyledons in the veins not generally 
projecting on the undersides of the 
loaf, but running through the central 
tissue (or mesophyll) ; their course, 
too, is usually parallel, straight, or 
curved, or when a strong midrib 
occurs in a broad lamina, as in Musa- 
ccso, &c. (see Fig. 170), the fibro- 
vascular bundles which go through 
it give off laterally smaller bundles, 
which run parallel lo one anothor to 
the margin of the leaf. It is only 
_ . , , , , „ rarely that the leaves are netvoinod, 

Penmnervert leaf of Canna . >>„ ., . Tv 

. indiaa, as in bmuaccso and Dioscoreacete. 
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The flowers of most monocotyledons consist of five 
alternating whorls (see Fig. 171), each with an equal 
number of members, viz., an outer and inner perianth whorl, 
an outer and inner whorl of stamens, and a carpellary 

•whorl. There are usually 
three members in each whorl. 
The two whorls of members 
of the perianth are commonly 
similar in form and colour ; 
hence they arenot usually dis- 
tinguishable as calyx and co- 
rolla ; sometimes, however, the 
outer perianth whorl is green 
and sepaloid, and the inner 
whorl larger and petaloid, as 
in Alisma, Tradescantia, &c. 
The stamens of monocotyle- 
dons scarcely ever branch as 
is often the case in dicotyle- 
dons. 




Floral diagram of n typical mono- 
cotyledon, aa occurs in Liliacca; 
representing a flower consisting of 
five alternating; whorls, each with 
three members, of winch the two 
outer ones constitute the perianth, 
the two next the nndrnscium, end the 
middle one the gynoecium. 



Adhesion of the perianth and stamens occurs much less 
constantly in particular families among monocotyledons 
than among dicotyledons. The prevailing form of the 



Fig. 172. 



Fig. 173. 




Ortliotropnus 

ovule as in 

Smilacea). 




Cnmpylotropous 

ovule as in some 

ScitamiuesB. 



Pig. 174. 




Anatropous 

ovule as in Gra- 

mincjo. 



ovule is anatropous, as in Gramineas (see Fig. 174); in 
some SritaminesG, &c, the ovules are campylotropous ( seb 
Fig. 173); in Smilacese and a few Aroidea^&c, the ovules 
are orthotropous (see Fig. 172), 
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Abstract of Monocotyledonous Orders. 

The arrangements of monocotyledons lately made by 
Mr. Bentham is here adopted. He divides the whole class 
into four series. The two first series, Epigynse and Goro- 
nariete, include flowers with a double, usually petaloid, 
perianth, and with a syncarpous ovary. The position of the 
ovary serves to distinguish the two series ; in the lsi, 
Epigynm, it is inferior ; in the 2nd, Ooronariese, it is supe- 
rior. The ovary in the 3rd scries, Nudiflorfe, is mostly 
apocarpous ; and the ovary of the ith, Glumales, is always 
uniovular. 

HydvocliarideiB : Ex,,Vallisnoria. 
Scitamiiiesu : Ex.. Plantain. 
Orahidaifi : Ex., Orchids. 
Burmanniaocfe ; Ex., Bimnannia. 
Epigynuj ... -( Irideas : Ex., Gladiolus. 

' AmaryllidacoM : Ex, Crinum.. 
Taccaocte : Ex.,Tacca. 
Dioaoorem • Ex,, Yam. 
l^BromcliaooDB : Ex,, Pineapple. 

"Roxlrarg'liiaeea3 : Ex. 

Liliaoaro : Ex., Onion. 

Smilacete : Ex., Smilnx, 
J Pontederaoeaj : Ex , Pontadera. 
1 CommGlinacera : Ex , TradeaeanUa. 
I Xyiidess : Ex,, Xyi'is, 
I Jimcacese : Ex., RusTi. 
IJPalmeSB: Ex., Palms. 

(Pandanaceas •. Ex,, Screwpine. 
\ Aroideso : Ex , Caladium. 
jTyphaoess: Ex,, Elephant giws. 
\Pisfciacero : Ex., Duok-wecd, 
/Naidaoom: Ex,, Pobamoffeton, 
l AlismaoeiB : Ex., Sagittaria. 

{Eriocanlonere : Ex., Eriooaulon, 
Cyperaoeao ; Ex , Sedges, 
Graminere : Ex., Grasses. 
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Ooronariese 



NudifloriB 



^Glnwalea 



Skriiss I. — Epigynce. 

Mowers with a double, usually petaloid, perianth ; ovary 
usually inferior, syncarpous. 

Order I, ffydrooharidem, — Are aquatic herbs, with usual- 
ly unisexual regular flowers issuing from a spalbe at fcbo 
end of the scape-like peduncles. Example : Hydrilla verti- 
cellata. 
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Order II, SeltaminecB. — Are herbs with, irregular bright 
coloured flowers ; stamen 1 (in the Suborder Museae there 
are 5 fertile stamens). Example : Plantain, Ginger, Arrow- 
root. 

Order III, Orehidhu. — Are herbs with irregular flowers ; 
stamen usually 1, rarely 2 gynanclrous, pollen cohering into 
waxlike or mealy masses (pollinia). Example : Vanda. 

Order IV, Burmtmniacece. — Are herbs with grass-like or 
scale-like leaves; flowers regular, hermaphrodite ; perianth 
bright coloured ; stamens, 3 introrse, or 6 extrorse. Ex- 
ample : Burmannia disticha. 

Order V, Indece. — Are herbs, with a G-parted peta- 
loid perianth ; stamens 3 ; anthers extrorse ; stigmas 3, often 
petaloid. Example : Pardanchus chinensise (Das-balm). 

Order VI, Amarylliducece. — Are herbs, with a 6-leaved 
petaloid perianth; stamens 6, inserted on the perianth - 
tube ; anthers introrse. Example : Crinum Asiaticum (Bara- 
kan£r). 

Order VII, Taccaceca, — Arc perennial herbaceous plant", 
with radicle leaves and regular hermaphrodite flowers in 
umbels or long scapes; perianth petaloid; stamens 6, with 
petaloid filaments; ovary 1-celleJ, with 3 parietal pla- 
centas. Example : Tacca primatifida. 

Order VIII, Dioscoreoe. — Plants with twining stems and 
net-veined leaves ; flowers regular, dioecious. Example : 
Dioscorea globosa (Chupri-alu). 

Order IX, Bromeliaceee. — Are herbs, with fleshy or diy 
crowded leaves sheathing at the base ; perianth in two circles 
differently coloured ; stamens 6 ; ovary sometimes superior, 
3-celled, Example : Bromelia ananas, L. 

Series II. — Coronariece. 

These plants have flowers with a double, usually peta- 
loid, perianth ; ovary superior, almost always syncarpous. 

Order I, Boxburgliiaoeoi. — Are twining shrubs with 
4-merous flowers; ovary 1-celled; stigma sessile. Example : 
Hoxburghia. 

Order II, Mliacecs. — Are herbs, with parallel-veined 
leaves and regular 6-androus flowers ; anthers introrse ; 
ovules anatropous or amphitropous. Example : Allium ccpa 
(Onion). 
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Order III, Sviilacece. — Are herbs or climbing shrubs, with 
net-veined leaves and regular hermaphrodite or dioecious 
flowers; ovules orthobropous. Example: Smilax. 

Order IV, Pontederacece. — Are aquatic herbs, with per- 
fect, more or leas irregular, blue flowers enclosed in a 
spathe ; perianth-segments all petaloid. Example : Pon- 
terleria vaginalis. 

Order V, GommelinacecB. — Are herbs, with jointed, often 
branching, leafy stems and irregular perfect flowers ; outer 
leaves of perianth sepaloid, inner peLaloid, each of three 
parts. Example : Commelina com munis. 

Order VI, Xyrklem. — Are sedge-like herbs, with flowers 
in scaly heads ; stamens 3 ; anthers extrorse ; perianth-seg- 
ments G, outer scarious ; ovary I-colled. Example : Xyris 
indica. 

Order VII, Juncacew. — Are herbs of a sedgy or grass- 
like appearance, with often capitate inflorescence; perianth 
of six similar scale-like pieces; stamens 6, rarely 3. 
Example : Flagillaria. indica (Ban-chandar). 

Order VIII, Palmece. — Are usually arborescent plants, 
with simple unbranched stems, bearing large terminal 
clusters of mostly compound or deeply divided stalked 
leaves ; flowers hermaphrodite or unisexual on a simple or 
branched padix enclosed in a one or many valved spathe. 
Example : Cocos nucifera, 

SERIES III. — Nudiflone. 

Flowers usually achlamydeous, with a dry scarious peri- 
anth; ovary mostly apocarpous, 

Order I, PandanacecB, — Are trees or shrubs ; with long, 
narrow loaves, imbricated in three spiral rows ; flowers 
unisexual or polygamous, arranged on a simple or branched 
spadix, furnished with numerous spathc-like bracts ; peri- 
anth none or consisting of a few scales. Example ; Pan- 
danus odoratissimus. 

Order II, Aroidece. — Are plants, with usually net-veined 
leaves ; flowers mostly monoecious, sessile, arranged on a 
spadix ; perianth wanting, or of 4 to 6 scales. Example .- 
Colocasia antiquorium. 

Order III, Tijphaeew. — Ave marsh herbs, with linear 
leaves and monoecious flowers, arranged on a spadix or in 
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heads; perianth none or reduced to a whorl of hairs; 
ovary solitary, 1 -celled. Example : Typha elephantine. 
(Hogla), 

Order IV, Pistiacea?. — 'Are plants floating free on water, 
having one female and several male flowors within each 
flpathe. Example: Pistia stratiotes. 

Order V, Naidacew. — Are slender floating or submerged 
plants, with jointed stems and long leaves ; flowers incon- 
spicuous, hermaphrodite, monoecious or dioecious; peri- 
anth of from 1 to 4 scaly pieces or none. Example : Potamo- 
geton indica. 

Order VI, AMsmacew. — Are aquatic plants, mostly with 
hroad petiolate leaves and scape-like flowering stems ; 
flowers in umbels, racemes, or panicles, perfect or mono?- 
cious ; perianth of six pieces. Example : Hagittaria (Chota- 
kat). 

Series IV". — Qlumales. 

Perianth replaced by membranous scales ; ovary always 
uniovulate or with uniovulate loculi. 

Order I, Eriooaulonece. — Are aquatic or marsh herbs, with 
grass-like leaves ; flowers arranged in dense heads, monoe- 
cious, sometimes dioecious; perianth glumaceous; ovary 1 to 
3-cellecl. Example : Leucocephala graminifolia. 

Order II, Cyperaoecn. — Are grass-like herbs, with fibrous 
roots, and solid, frequently angular, stems ; leaf-sheaths 
tubular, closed, without ligules ; flowers perfect or \misexual. 
Example : Cyperus rotundus (Mufcha). 

Order III, Qraminece. — Are mostly herbaceous plants, 
rarely arborescent, usually with cylindrical hollow jointed 
stems, and narrow alternate leaves, with tubular sheaths, 
split down at the side, opposite to the blade, often with a 
ligule at its summit; flowers usually hermaphrodite, some- 
times monoecious or polygamous. Example: Rice and 
Bamboo. 
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H ydracharidaui 

Are aquatic herbs, with usually unisexual regular flowers, 
issuing from a spathe at the end of the scape-like peduncles ; 
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the perianth consists of one or two whorls, the inner, when 
present, petaloid ; ovary inferior ; seeds without endos- 
perm. 

The combination of the characters of, this order serves to 
distinguish it from all other monocotyledons, while the 
characters taken separately connect it with many. 

Hydrilla verticelluta is a submerged water plant with 
filiform jointed steins, sometimes creeping, sometimes 
floating below the surface of the water ; leaves sessile, 
verticil] ate ; flowers small, white, axillary. This plant is 
used by sugar-refiners for the purpose of purifying sugar ; 
the moisture which it contains slowly percolates through 
the sugar, carrying off impurities. 



Fig. 175. 



!»5i 



V alii snar ia spi- 
ralis (see Fig. 175) 

^^^^^^^^p^i^E^^S is a submerge d 

If^PfrSi^S^S^^K'^'-" water plant, with ra- 

ll^^^M^llfl;,!^*!^ 1 dicli; grass-like leaves ; 

I^M^M^^?s^||*|p.jVI^ * fc g 1 ' ,,u ' y abundantly 

mBSsIwW^ nl *' rcsu war or tanks; 

SraWf^ s ?0^^^^4"- *■"'"- ^' mn ' ,; nywers an- 

^^g|,1^^M&|»|M^^Kt| bf.riiH upon long 

ftt*^M^^wST|iP|»^ spirally - twisted pe- 

?f«i*^Sp|^^^f^?!-f d uncles, which permit 

fy'iiri^^i^wf*^/^ tliein to reach the sur- 

^SWSf^^lwIfe^^ ^ ac ''> where they couiu 

a^i'-^I^^W'^'Jw ' nt " C01l '' ac *' witli the 

SOT«^^Ssl:''!li* ! lwii del ached floating male 






fiowevs. 



Plants of Vallisneria, spiralis (reduced). 



V. octwndra (Sheyaki) is also very common; also V. 
altemifolia (Rasnajhanji). Ottellia alismoides (Pani-kala) 
is an aquatic annual, with radical, petiolate, cordato, waved 
leaves and whitish flowers, which appear during the rains ; 
capsule oblong, six, grooved, crowned with the withered 
perianth. 
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Fig. 176. 




The submerged leaves of se- 
veral species of this order are 
■well suited to show the rota- 
tion of the cell-sap (see Fig. 
17G). 

SciiaminecB 



Are herbs, often very robust, 
and sometimes arborescent, 
having large leaves and irregu- 
lar, usually brilliantly-coloured, 
flowers; fertile stamen 1 (or 5 in 
the Suborder Musaceas), with 
five petal-like staminodes ; 
ovary inferior, 3-celled. 

This order is usually divided 
into three suborders: Zingi- 
beracece, Marantacecm, and 
Musacece. The Suborder Zin- 
(jiberacem is distinguished from 
the other two by the fertile 
stamen being posterior, and 
the anther 2-celled, and by 
the embryo being contained in a special sac or vitollua. 
Suborder 2, Marantacece, has the outer circle of stamens 
more or less developed in a petaloid form, and but one lateral 
stamen of the inner circle fertile. Suborder 3, Mueacece, 
has usually Ave fertile stamens. From the great prevalence 
of these plants in the Indo-Malayan region, and also iu 
the neighbouring islands of Java, Borneo, New Guinea, 
&c, this region has received the name of the " Region of 
fhe Scitamineai." The principal plants of the suborder of 
Zingiberacese are Zingiber officinale (Adruk, adti): it is 
universally cultivated in India for the sake of its rhizomes, 
the flowers are small whitish purple, and appear in the 
rains. Curcuma longa (Haldi) is likewise cultivated all 
over India; the flowers are large yellowish white, and 
appear in the rains. C. amada has small yellowish white 
flowers, which appear during the rainy season ; the fresh 
root has the smell of a green mango. Amomum carcla- 



Cells Ivom tho leaf of Vallisnena 
spiralis; Hie round bodies are grains 
of chlorophyll, the arrows denote the 
diroetiun of tile currents of proto- 
plasm (after Thome). 
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momum has flowers of a light rose colour, tinged with yellow, 
which appear in April ; the seeds are agreeably aromatic. 

Elettaria cardamomum (Elachi), the seeds of which 
are commonly known as cardamoms, ffedychium, coro- 
nariwm (Dulal-champa) is a native of various parts of 
Bengal ; it flowers during the rains ; the flowers are hand- 
some, large, pure white, and very fragrant; it is the most 
charming plant of tins order. Oostus speciosus is a native 
of moist shady places ; it flowers during the wet season. 

The principal plants of the Suborder ManmlacecB are 
Maranta arundinacea (Arrowroot) ; its flowers are pure 
white and appear in the rains; arrowroot is prepared 
from the rhizomes by maceration in water. 

M. c£io7iotoma(Mu.ktapati) is a native of various parts of 
India; flowering time the hot season. Mats made of the 
split stems (sital-pati) are smooth and particularly cool ; 
they are in general use everywhere in India. 

Cawna Indica (Indian shot), common over India; it is 
inflower and seed most part of the year ; there are two com- 
mon varieties — one with red, the other with yellow, flowers. 

The principal plants of the Suborder MusacefB arc Musa 
paradisiaca, indigenous in the forests of Chittagong and 
Oachar; the number of cultivated varieties is very large. 



Fig. 177. 



FiR. 178. 




Fig, 179. 




Dingrnm showing the multilo- 

cuhir compound ovary of tlio 

plantain. 



Convolute venintion of a 
leaf of tiie plautuiu. 



Spiral thickening of a 

vesBol from a lenf of tlio 

plantain (inugnified). 
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The fibres of the petioles of M. Uxlilis is known as 
Manilla hemp. Spiral vessels can he well seen by exa- 
mining a portion of the leaf of the common plantain under 
the microscope (see Fig. 177). 

Other genera are : Ramp/era, L.; Alpinia, L. ; Globba, 
L. ; Phrynium, Willd. ; CalatJiea, Meyr. ; Iieliconia, L. ; 
Mavanala, Adans. 

Orohideoi 




Are herbs, 
with regular 
flowers; peri- 
anth in two 
whorls; stamen 
1 (or 2 in the 
tribe Cypripo- 
dieffi) gyuan- 
drous; pollen co- 
hering into •wax- 
like or mealy 
masses ; ovary 
inferior,] -celled, 
with parietal 
placentas ; seeds 
extremely nu- 
merous and 
small. 

Diagram of ihc flower of un Orchid. 
The flowers of Orehidere can be derived from the typo represented in 
Fig. 171. although their external form is so remarkably diltacnb; of 
the androioiuni only a wing-la stamen is completely developed in moat 
orchids, viz.. the anterior one of the outor whorl, the others boW 
abortive. 

The suppression of 2 out of 3 stamens connects this 
order with Marantaoeaj and ZingiberacesB. The orchids, how- 
ever, differ very considerably from all other monocotyle- 
dons ;— lsZ, in the usually great irregularity of the perianth, 
especially in the posterior member of the 'inner circle (the 
labellum ; frequently anterior by the twisting of the ovary), 
which is sometimes developed into a spur or nectary ; %<ml, 
in the filament being coherent with the style forming 
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the column ; 3rcZ, in the ridges occurring in the column 
F i gi 18 i. and labellum, which are believed to be 

abortive stamens, giving rise to the 
opinion that the elements of two circles 
of stamens exist in this order, of which 
live are usually suppressed ; 4th, in the 
prolongation of the tipper edge of the 
stigma (the rostellum); and 5th and 
lastly, in the pollen being less developed 
than usual ; the process of sub-division 
into distinct pollen-grains being arrest- 
ed, so that it remains innmsscs (pollinia) 
Poiiima witii / see x?j„ 181 n S01116 times provided with 

Craagivifipd). a pedicel or cauaivte, which adheres 

to a gland or glands at the apex of the stigma. The 
lobellurn, rostellum, and caudicle are sometimes endowed 
with contractile properties. The Orchidese are terrestrinl 
in temperate climates ; in warm and moist climates they 
are frequently epiphytic, hanging on tho branches of trees, 
or even attaching themselves to rocks, &c. They are most 
abundant in damp situations. 

The following classification of the genera in tribes has 
lately been proposed by Mr. Bentham, in the journal of 
the Linnean Society : — 

Fig. 182. 




Flower and portion of a leal of Vanda. 
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Tribe 1, Spidemlreai.—Anthev 1 ; dorsal operculate, 
usually incumbent, with the cells distinct and parallel; 
pollinia waxy, in one or two series parallel, two or four 
in each series (1—4 in each cell), free or joined in each cell 
by a viscous substance or a granular appendage, very rarely 
attached to the rostellum. 

This tribe is formed by the union of Lindley's Malaxideae 
and EpidendreEe, which he had distinguished by tho ab- 
sence or presence of si caudicle to the pollen masses 5 but 
this character is very obscure in many genera. 

Mr. Bentham divides this tribe into nine subtribes, 
based mainly on the vegetative characters and the number 
of pollinia. The subtribe Dendrobisa is the most profusely 
represented in India, especially the large genus Dendrobium, 
which numbers some throe hundred specios, ranging from 
India and Japan to Australia and New Zealand. D, 
Pierardii is one of the commonest orchids in the plains of 
Bengal, growing generally on mango trees : it has jointed 
stems, 2 to 5 feet long; alternate, sessile, oblong lanceolate 
leaves, and large showy yellowish white flowers, issuing 
from the nodes of the stem. The subtribe Ooelogynesa is 
also largely represented in India. Several handsome species 
of the genus grow on rocks iu the Himalayas at an eleva- 
tion of 4,000 to 8,000 feet. 

Tribe 2, Vandeca. — Anther 1 ; dorsal oporculato, lying 
upon or against the rostellum, with the cells very often 
confluent during dowering ; pollinia waxy, very often 2, 
obliquely or transversely grooved, or 4, in pairs, fore and 
aft ; anther-case deciduous ; pollinia with a gland or plate 
constituting the pollinarium. This tribe is again divided 
into eight subtribes, whereof tho Sarcan these are tho most 
numerous and conspicuous in India. Van da tores, V. ftox- 
burghii, and Saccolabium guttatum are common examples 
in Bengal, The first grows only in the grass of the Sun- 
derbuns ; and the second is very common on mango and 
other trees : it has dusky, ferruginous flowers, with a mix- 
ture of yellow and white, produced during the rainy season. 
The Saccolabium grows on trees in the tidal swamps, 

Tribe 3, FeotDace. — Anther 1 ; dorsal operculate or erect 
and persistent, with distinct parallel cells ; pollinia granu- 
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lar or powdery ; stems not thickened into pseudobulbs. 
With this Mr. Bentham combines Lindley's Arethusete. 

Tribe 4, Ophrydece. — Anther 1; dorsal erect, prone 
or reflexcd, 'with distinct, parallel or divergent cells, ad- 
nate to the anther-bed, and often continued at the base 
into tho rostellum ; pollinia granular, produced downwards 
in each cell into a caudicle. 

Platanthera susannae and several species of Habenaria 
represent this tribe, which consists almost entirely of 
ground-orchids. 

Tribe 5, CypripecUew. — Anthers 2, sessile at the sides 
of the rostellum, or stalked. 

The genus Cypripedium is represented by three or four 
species in Assam. They are ground-orchids, remarkable 
for their large slipper-shapod labellum. 

Aspostasia has been regarded as a separate order, but 
like some other Cypripediete it only differs from the bulk of 
orchids in having a 3-celled ovary. 

Amaryllideos 

Are herbs having leaves with veins diverging from the 
base and parallel to the nrid-rib, with a 6-leaved petaloid 
perianth and 6 stamens ; ovary inferior, 3-celled. 

This opigynous order contrasts with the hypogynous 
Liliaceae. 

The order includes many ornamental species prized in 
gardens. Orinum Aaiaiicum (Bara kanur) (see Fig. 183) 
is a large bulbous herb common in gardens, with smooth, 
linear, lanceolate radicle leaves and large umbels of regular 
white flowers, which appear during the wet season, and 
mora or less the whole year. In this species the bulb is 
often prolonged above the surface of the ground, so as to 
form a short trunk. Amaryllis grandiflora is common in 
gardens; the flowers are large flesh-coloured. 

Agave Americana is now naturalized in most parts of 
India; preparations of the root are used mediciually by the 
Mexicans. Cwrculigo orchioides is asmall plant common in 
most parts of India; the roots ai - e tuberous, about 4 inches 
long, having a slightly bitter taste; they are used in 
medicine. (This differs from the normal Amaryllnlaeea: in 
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Fist. 183. 




Crimim Asiatirum, reduced (after Oliver). 

Fig. i8i. having a 1-cellcd ovary with 

three parietal placentas, and 
is usually referred to the Hy- 
poxideae, which some botanists 
regard as an independent 
order, while others would 
class them as a suborder of 
the present, order.) 

Diosoorideai 

Are plants with 
stems (see section 
page 12) and net 
leaves ; flowers regular, dioeci- 
ous; stamens 6; ovary 3-celled. 

The twining habit and net- 
veined leaves distinguish this 
order from the Amaryllidaceso. 
Diascorea globosa (Chupri- 




t wining 
stems, 
veined 




VersntiJe 
anther of 
Amaryllis. 



Scape of Amaryllis 
with 2 flowers. 
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aid) is the moot esteemed f all the yams ; the tubers are 
roundish white; the sterns twine to the right (dextrorse) 
like the English hop; tluj leaves are alternate and opposite 
cordate, and the flower* are small white; they appear 
during the rains. D. aluia (Klmm dlu) is also much culti- 
vated ; the stems twine as i n D. globosa ; flowering time the 
close of the rains : the tubers are sometimes of great size. 
D. rubella (Garaniya &l u ) i s also commonly cultivated. 
There are several other common species. Minute green 
bulbils are ofteu borne in. the axils of the leaves of some 
species of Dioscorea (see section stem, page 1G). 

Fig, 186. 



Fig. 187. 





Climbing stem of 

Dioscorea, twining 

to the right, 



a bulbil in tlio axil of tho leaf. 



Bhomeliacecu 



Are herbs, with fleshy c> r dry crowded leaves, sheathing at 
the ba.se, usually covered with scales ; the parts of the 
outer whorl coherent, ot the inner distinct; stamens (j; 
ovary 3-celled, free or adherent, 

14 
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Fig. 188. 




I'olytlmlnmic fiuit 
(Sorusis) of Ananas sativus. 
Fig. 189. 




Petaloidperiantl) of n Lily. 




Orthotropous 
ovule as in 
Smilaceie. 




Aniitvopous 

ovule <u> in 

Liliacea. 



Many of the Bromeliacete have 
free ovaries, The Bromeliacerc 
are wholly American, and the 
only plant of this order common 
in India is Ananas sativus (see 
Fig. 188) ; which flowers about 
the beginning of the hot season. 
This plant is important, not only 
on account of its delicious fruit, 
hut also on account of the fibres, 
which abound in the leaves ; 
from which cloth has been manu- 
factured as fine as muslin. Most 
of these plants are epiphytic, ap- 
pearing to be capable of obtain- 
ing the greater part of their nour- 
ishment from the atmosphere. 

Liliaceco 

Are herbs, with parallel 
veined leaves and regu- 
lar 6-androus flowers ; 
anthers infcrorse; perianth 
petaloid, C-merous ; ovary 
S- celled with central pla- 
centation ; ovules anatro- 
pous; seeds with fleshy 
endosperm. 

The Liliaceje have widely 
spreading relations, although the 
typical forms are at once distin- 
guishable ; the superior ovary se- 
parates them from AmaryHidaceso: 
the tribe Asparagese closely re- 
sembles the Snrilacesa in appear- 
ance and general character; all 
the Liliaceae, however, have ana- 
tropous or amphitropous ovules ; 
whereas in Smilacese the ovules 
are orthotropous. 
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F 'S- 1?2. Gloriosa superha (Ulat- 

chandal) Las a climbing 
herbaceous stem ; the mid- 
ribs of the leaf terminate 
iu tendrils (see Fig. 192) ; 
the flowers are large, and 
the style has a peculiar 
sensitive motion ; these 
plants appear during the 
raiuy season. 

I/ilium longifolium is 
a common garden plant ; 
the flowers are hvrge white 
and fragrant, and appear 
about March. Polianthes 
tuberosit (Rajaui gandM) 
is a common garden perennial, celebrated for the fragrance 
of its large white flowers. The leaves of Sanseviera 
Moxburghiana (Murba) yield the tenaceous fibre, termed 
bowstring hemp. S. guineensis and 8. cap ens is are 
common in gardens. The former has peculiar dark green 
ribbed horn-like leaves. 




A cuvvinerved leaf, ending in 
tendril, of Gloriosa sujierba. 



Fig. 193. 




Tunicnted bulb of Onion. 



Scaly bulb of Lily. 
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Aloe, perfoliate^ (Ghrifco kirmaii) is common in dry situ- 
ations. A. soceotriiia and A. vulgaris are used medici- 
nally. Yucca gloriosa has strap-shaped, sharp-pointed 
leaves and greenish white flowers. 

Allium sativa (Rashun) is cultivated in gardens ; the flow- 
ers are .small white. A. cepa (Peyaj) (see Fig. 194) is 
largely cultivated everywhere ; the flowers are small, white, 
and appear in the cold season. Asparagus officinalis 
(Hillua) (see Fig. 195) is cultivated in gardens ; the flowers 
are of a yellowish green colour, and appear in March and 
April. 

Fig. 195. 




Portion o£ a biatieli of Asparagus. 

A. racemosus (Sat-muli) is a scandent, slender, shrubby 
plant, a native of various parts of India. Flowering time 
the cold season ; the flowers are pure white, and delight- 
fully fragrant. 
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Urginea inaritima is the medicinal squill, valuable as 
an expectorant and diuretic. U. indica inhabits the sandy 
shores of the peninsula of India. The bulb is used for 
the same purpose as that of U. niaritima. 

The bulbs of Ledebouria kyacinthoides grow in sandy 
plains, in many parts of India, and resemble squills in 
general appearance, but are of a smaller size. Peliosanthes 
UtUi is a perennial plant, with plaited radical leaves and 
small green flowers. 

Other genera are: Draccena,, Cholchicum, Hyacmthus, &c, 

Smilacecti 

Are herbs or climbing shrubs, with net-veined leaves and 
regular hermaphrodite or dioecious flowers ; perianth from 
6 — 10 parted; ovary superior, from 3 — 5-celled; ovules ortho- 
tropous ; seeds with hard, fleslry endosperm. 

These plants differ from those of Liliacese, in having 
net-veined leaves, climbing stems, mostly small dioecious 
flowers, and orthotropous ovules. In foliage and habit 
they closely resemble the Dioscorete, from which they 
are easily distinguished by their superior ovary, and as 
far as the Indian genera are concerned, by their baccate 
fruit. Smilax ovalifolia (Kumarika) is common in hedges 
and wild places. The stems are round, the leaves oval, 
smooth, from 5 — 7-nerved; the flowers are small, and of a 
greenish colour; they appear during the hot season. 
Barsaparilla, used in medicine, is the dried root of Smilax 
officinalis. The roots of S. lancecefolia, and S. glabra 
are used in this country medicinally in eases of rheuma- 
tism, &c. 

Pontederiaccos 

Are aquatic herbs, with perfect more or less irregular 
flowers, sometimes subtended by a spalhe ; the perianth is 
persistent, petaloid, 6-merous, rolling inwards after flower- 
ing ; stamens 3 — 6, mostly unsymmctrical ; ovary superior, 
3-celled; seeds with mealy endosperm, 

This order is separated from Liliaceae chiefly by its irre- 
gular flowers, by the persistent perianth rolling inwards 
after flowering, and by the mealy endosperm of its seeds. 
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Fontederia vaginalis (Nauka) is a native of the borders 
of tanks and marshy places; it flowers during the rains; 
leaves radicle, narrow, cordate, entire, smooth ; flowers blue. 
The order is a very small one. The plants are chiefly con- 
fined to the stagnant waters of hot countries. 

Gommelinaeea} 

Are herbs, wth jointed, often branching, leafy stems, per- 
fect flowers, clustered within one or two large concave bracts ; 
outer leaves of perianth sepaloid, inner petaloid, each of 
three parts ; stamens 6, all fertile or some abortive, often 
peculiar in form ; ovary superior, from 2 — 3-cellcd ; seeds 
with fleshy endosperm. 

The jointed stem and the outer sepaloid perianth-seg- 
ments serve to distinguish these plants from their nearest 
allies. Commclina communis (Jata kanchara) is common 
over the low moist parts of India ; flowering during the 
rainy season. The leaves are ovate, lanceolate, acuto 
with waved margins, and involucres many flowered, 

C. bengalensis (Kanchara) is smaller and not so com- 
mon as the last mentioned species ; tire leaves are alternate, 
cordate, hairy ; the involucres are 3-flowered ; the 
flowers are small and bright blue. Tradescantia discolor is 
a common garden plant, about 2 feet in height, with sharp 
pointed leaves, of a green colour, bordered with reddish 
purple; flowers small, white. The protoplasm, nucleus, 
rotation of the cell-sap, etc., are well seen in the moruli- 
form hairs of the stamens of this plant. Oyanoiis axillaris 
(Baghanula) is an annual creeping plant with axillary 
flowers, a native of moist pasture ground, borders of rice- 
fields, &c. ; appearing and flowering during the wot and 
cold season. 

Juncacece 

Are herbs of a sedgy or grass-like appearance, with hollow 
or transversely divided, rarely flat, leaves, and often 
capitate inflorescence ; perianth regular, persistent, of six 
dry or scarious segments ; stamens G ; ovary superior, from 
1 — S-celled ; seeds with fleshy, horny endosperm. 
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The sctlge-like habit of these plants and the scarious 
Pig. j96. nature of the segments of the 

perianth distinguish them from 
Liliacese. Flagellaria indica, 
(Ban-fihandar) is a long straggling 
prermial plant, flowering during 
the early part of the rains ; 
flowers are small, white. Jnn- 
cus bufonius is a small tufted 
annual plant with inconspicuous 
flowers,' scattered along the 
stems. The Juncacese is a large 
order ; the species are chiefly 
natives of cold and temperate 
regions. The tissue of the leaves 

has' a beautiful microscopic structure, being formed of 

stelliforni cells (see Fig. 196). 

Palmeas 
Are woody, arborescent trailing or climbing plants, usually 

with a simple unbranched stem, bearing scattered or large 

Pig. 197. Tig. 19*. 




Stellata cells from a leaf of 
Junous (magnified). 




Compound spndix 
.luil snathe of a 
Palm. 



Scctiqn of a Cocnanut, 
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terminal clusters of mostly deeply, palmately or pinnately 
divided, rarely compound, petiolabe leaves ; flowers usually 
diclinous and often dioecious, sometimes hermaphrodite on a 
simple or branched spadix (see Fig. 197), enclosed in 
a one or many valved spafche ; perianth 6-leaved in two 
circles ; stamens usually 6 ; ovary from 1 — 3-celled with 
fleshy or hard, often ruminated, endosperm in which the 



Kg. 199. 




Cell from Hie shell of a coeoa- 
' nut showing the excessive 

thickening of the cell-wall 

(magnified). 



minute embryo is superficially em- 
bedded (see Fig. 198). 

Tbefnvit inCocos and Areca is 
1-celledfrorntheauppression of two 
of thecarpels ; it is 3-colled in Bora- 
sus, Caiyota, Calamus, Arenga, etc. 

The structure of the pericarp 
is particularly variable : in Oocos 
the epicarp is fibrous, affording 
the coir of commerce; the endocarp 
is a hard shell and is used for 
various purposes (see Fig. 199). 
In Phcenis the endocarp is fleshy 
and sweet. 



This order is a very large one, and constitutes one of the 
most striking features in the vegetation of most tropical re- 
gions. It consists of upwards of 100 genera, embracing about 
one thousand species, only about half-a-dozen of which occur 
in temperate regions ; many of them yield useful products, 
and some of them supply nearly all the wants of the 
inhabitants of certain countries. 

These plants form a very natural group, separated by 
distinct characters from the rest of the monocotyledons. 
There is a connection with some of the Aroidese and Lilia- 
cese, but the habit and position of the embryo at once 
distinguishes them. Areca catechu (Guya, supari) is one of 
the handsomest palms in India ; it flowers during the hot 
season ; the flowers are monoecious. The endosperm is 
ruminated (Betel nut). 

Borasms flabelliformis (Tal). — This palm is common all 
over India; it flowers during the hot season; the flowers 
are dioecious ; the leaves are employed, for making punkahs ; 
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and the wood is used for various purposes. The fruit is 
drupacious. Phcenix sylvestris (Khajur) is common all 
over India : the juice (Tari) of the tree is usually boiled 
down into, sugar ; the flowers are dioecious. P. dactyl/if era 
is the date tree. 

Cocos nucifera (Narikel) ; flowers during the hot season ; 
it is largely cultivated for its fruit. 

Oalamus rotang (Bet) is a dioecious plant; the fruit is 
covered with numerous hard imbricated scales ; the flexible 
stems of this and other species are largely exported from 
the Malayan peninsula for canework, 

Caryota wrens is common on the westarm coast of the 
Madras peninsula; it has compound ly segmented leaves, 
and an inferior sort of sago is prepared from the pith. 

Other genera are : Oreodoxa, Arenga, Zalacea, Sagus, 
Corypha, Chamcerops, &c. 

Pandanacece 

i 

Are trees or shrubs, often branching ; leaves imbricated in 
three spiral rows, mostly linear lanceolate; flowers unisexual 
or polygamous, arranged on a very dense, simple or branched, 
spadix, furnished with numerous spathe-like bracts ; male 
inflorescence usually branched, female inflorescence simple ; 
perianth none, or consisting of a few scales ; stamens numer- 
ous ; ovary 1-celled ; seeds with the minute embryo embedded 
near the base of the fleshy endosperm. 

The branching stem and large aerial roots distinguish 
Pandanacese from Palms. The narrow undivided leaves are 
spirally developed on the stem; hence the name Screwpines, 
by which they are commonly known. Pandanus odora- 
tissimus (Keyfi) attains to the height of about 15 
feet, the stem at half that height branching into several 
sub-erect arms terminated by thick foliage; it flowers 
chiefly during the rainy season. The flowers are dioecious, 
small, and delightfully fragrant. Pandanus fcetidus (Keya- 
kanta) is sometimes used i'or making hedges; it flowers during 
the cold season. Nipa fruticans grows abundantly in the 
Sunclerbuuds : it is regarded by some botanists as the 
type of a distinct order, having the pinnate leaves of a 
Palm and the inflorescence of a Pandanus. 
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Aroidece 



Fi S 



A:-e plants, with usually net- veined, often divided leaves ; 
flowers moncecious, more rarely dioecious, or sometimes 
bisexual, usually sessile on a spadix, enclosed in, or sub- 
tended by, a spathe ; perianth wanting or of 4 — 6 scales ; 
seeds usually with the embryo embedded in the axis of 
mealy or fleshy endosperm. 

The peculiar thickened fleshy flowering spadix densely 
covered with flowers, together with the spathe, gives this 
group a character of habit which is generally very dis- 
tinct. The Pistiacese are closely related to those plants, 
and are regarded as the simplest form 
of Aroids. Typhonium orixensa (Gliet- 
kachu) is very common everywhere 
in Bengal ; the leaves are radicle, 
deeply 3-lobed ; the flowers appear 
at the beginning of the rains; the 
spathe is shorter than the petioles, 
striated and erect, the inside red, the 
outside green. Amorphopliallua oam- 
panulatus ( 01) is a plant with large 
segmented leaves ; the flowers appear 
in June ; the conns, which are dug 
up after the leaves have withered, 
are largely used as an article of food. 
Colocasia antiquorum (Kachii) is an 
extensively cultivated perennial herb, 
with large radicle peltate-sagittate 
leaves; the flowers are monoecious, 
enclosed in a yellow spathe. The 
lower portion of the spadix is covered 
with femalo flowers ; above the female 
flowers are some abortive pistils, then 
a number of closely packed, male 
flowers, each reduced to a singles 2- 
celled anther opening by minute pores 
at the apex. The spadix is pro- 
longed above the ataminato flowers 
into a sterile mass of tissue. Thero 
are several varieties of this species. 




Inflorescence of an Avoid 
surrounded l>3 r a spathe. 
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0. indica (Mandcachii) is much cultivated in* Bengal for 
its esculent stems and corms ; it flowers at the close oi' the 
rains and beginning of the cold season. 

Fie. 201. 




Section of a corm of Arum, 

Pothos scandens, an epiphyte, is a native of Cliitta- 
gong ; the leaves are alternate, petioled, lanceolate, entire, 
smooth ; the flowers are hermaphrodite. 

Acorns calamus, a plant common in moist sites through- 
out Asia, Eui'ope, and North America. The rhizome has 
long been held in esteem as a tonic, &c. Hiohardia orthio- 
pica (Lily of the Nile) is cultivated in Himalayan stations. 
The plants of this order are most abundant in the tropics ; 
the juices are generally acrid and dangerous, hut heat 
dissipates the noxious principles. 

Other genera are : Cryptoeoryne, Alooasia, Oaladmm, 
Jglaonama, Scinclapsus, Aru/m, &c. 

TyphacecB 

Are marsh herbs, with linear leaves and monoecious 
flowers, arranged in spikes or heads ; perianth none, or 
reduced to scales or bristles ; ovary solitary, 1-ceiled ; seeds 
with the embryo embedded in the axis of the mealy endos- 
perm. The habit and general appearance of these plants 
resemble those of Cyperacese. 

Typha, elephantina, (Hogla) is a perennial herb, grow- 
ing on the borders of tanks and marshy places, which do 
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not dry uft during the hot season; the culms are from 
6 to 12 feet high; the leaves are long, ensiform, and smooth ; 
and are sometimes used for making mats. The abundant 
pollen is nutritious, and is made into a kind of bread in 
Western India, New Zealand, and elsewhere. 

T. angustifolia (Ham hogla) is smaller than the last 
mentioned, species, but is found, in similar places. 

Pistiacecti 

Are plants floating free on water with monoecious flowers, 
surrounded by a spathe ; each spat he containing one 
female flower and two or more male flowers; stamens 
definite, sometimes monadelphous ; ovary 1 -celled; embryo 
straight, in the axis of fleshy endosperm. 

These plants are sometimes regarded as the simplest 
forms of the Aroids. Pistia strutioies (Takapana) (see 
3Tig. 203) is found floating on pools of stagnant water 
in most parts of India; flowering time the hot season. 
The flowers are monoecious, and are very beautiful when 
examined with an one-inch object glass. 

Eg. 202. 




Plants of Pistia; the smaller one to the right ie of lite growth, and is connected 
with the paicnt plant by a i minor. 



In Lemna orbiculata (see Fig. 204) the leaves are 
minute, subsessile, orbicular, fiat on both sides, from 2 to 3 



together 



Woljjw Delilii is very minute and 'rootless ; the 
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leave s are globose, one or two together ; and occurs with 
L. orbiculuta in every tank and pool of stagnant water 
in Bengal, forming a green scum over the surface. 

Fig. 203. 




Inflorescence of Pistia sira- 
liutes (magnified). 




Aquatic roots of Lemna. 



L. cruciata is generally found under the surface of the 
water in tanks ; the leaves are petioled, lanceolate. Pistia 
is very widely dispersed in warm countries, whereas Lem- 
na is equally common in hot and cold countries. These 
plants are useful in tending to purify the stagnant pools 
and ditches in which they abound. The genus Lemna is 
one of the simplest representatives of the Phanerogamia, 

Naiadacece 

Are floating or submerged branching plan ts growing in 
fresh or salt water ; flowers inconspicuous, hermaphrodite, 
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monoecious, or dioecious; perianth of 1 — 4 scaly pieces 
or none; stamens definite; pistil free, of one or _ more 
carpels ; ovary 1 -celled ; ovulo solitary ; seeds without 
endosperm. 

This order agrees -with Hydrocharidaceae and Alismacete 
in the structure of the seeds, but differs in wanting 
a conspicuous perianth, and in the form of the inflores- 
cence; the structure of these plants is generally very 
simple. Potamogeton indicum is an aquatic herb, with 
floating, oblong or elliptical glabrous, many nerved leaves ; 
a native of the borders of fresh water lakes and ditches ; 
flowering time February and March. The flowers are 
small, numerous, of a green colour, and are borne in dense- 
spikes. Spathiii/ni chinense (Gheclm) is a native of shallow 
standing water, and appears and flowers during the rains. 
The flowers are small, purplish white, with blue anthers. 
The structure of these plants is generally very simple, 
consisting chiefly of tissue of very delicate organization. 
The genus Zosbera, is met with in the sea in all jmrfcs of 
the world, 



Fig. 205. 




Sagittate leaf nf Sat/Maria 
sui/iltifolia. 



AlismacecB 

Are aquatic plants, mostly 
with broad, petiolate leaves and 
scapose infioroscenco ; flowers 
in racemes, umbels or pani- 
cles, perfect or monoecious ; 
perianth of six pieces — outer 
three herbaceous, inner throe 
petaloid ; ovaries several, more 
or less distinct ; seeds without 
endosperm. 

Some of these plants bear 
considerable resemblance to 
the dicotyledonous order Ra- 
nuuculaceiB. They can be dis- 
tinguished from the Commeli- 
nacete, to which they have 
some similarity, by their tuftor 
radical leaves, scapose inflores- 
cence, apocarpous fruit, &c. 
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Sngittaria sagittifolia (Chota-kat) is a polygamous plant 
growing in marshy places, where it flowers in February, 
March, and April, The leaves are sagittate (see Fig. 205 ), 
the scape simple, and the flowers pure white, with a pur- 
plish base. B. obtusifolia (Bara-kat) is a common annual 
growing in swampy places, with radicle, erect, sagittate 
obtuse leaves ; ib flowers during the cold season. The 
scapes are from 2 to 4 feet high ; flowers numerous, small, 
white ; the lower flowers of the inflorescence are usually 
female. 

Other genera are : Alisma, Butomus, and Limnocharis. 

Cyp&racece 

Are grass-like herbs, with fibrous roots and solid, fre- 
quently angular stems; leaf- 
sheaths, closed without a ligule at 
the apex ; flowers perfect or uni- 
sexual, each with a solitary bract 
or glume ; perianth none or exist- 
ing in the female flowers, in the 
form of a membranous covering, 
called perigynium (see Fig. 206); 
stamens mostly 3 ; ovary superior, 
1- celled; seed with a lenticular 
embryo enclosed in the base of the 
endosperm. The solid, usually 
angular, stems, the closed leaf- 
sheaths, and the reduction of the 
floral envelopes to a single bract 
or glume, distinguishes these 

plants from the Gramineas, which they resemble in many 

respects. 

Cyperus rotundus (Mulha) is hy far the most common 

wpecies in India; it grows abundantly everywhere ; culms 

erect, from 1 — 2 feet high, three sided, smooth ; umbels 

terminal, surrounded by a 3-leaved involucre. 

Oyperus inundatus (Pati) is found in great abundance 

o,n the low banks of rivers ; it thrives most luxuriantly 

where the tide rises over it. 

Papyrus panc/orei ("Madur katl) is common in ditches 

and on the borders of marshy places during the rains : 




Female flower of a sedge. 
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Creeping stem of Carex. 

what is known as " Calcutta matting " is made from the 
culms of this plant. 

Papyrus antiquorum is a tall sedge, celebrated as having 
furnished the ancients with a kind of paper made from 
the pith. 

Other genera are: Carex, Selena, Scirpus, Marisms: 
Kyllingcti, Oomioisia, Fimbristylis, Isolepis, Fiur&na, 
lllnjnchospora. 

Gramineeti 

Are mostly herbaceous plants, rarely arborescent, usually 
with hollow jointed stems, narrow alternate leaves, with 
sheaths split down at the side, opposite to the blade, often 
with a ligule at its summit; flowers usually hermaphrodite, 
sometimes monoecious or polygamous, either solitary or 
arranged in spikelets ; spikelets one to many flowered, 
consisting of a number of bracts and the essential organs 
of reproduction without any perianth, or the latter repre- 
sented by one or more, usually very minute, organs called 
lodicules. Each spikelet commonly has two or more outer 
or empty bracts (glumes), one (flowering glume) below 
each flower, and a pale enclosing each flower. The pale 
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differs from glumes in having no central nerve ; and it 
usually has two lateral ones. Stamens usually 3 (in Rice 
and Bamboo there are 6) ; ovary superior, 1-celled ; embryo 
lying at one side at the base of the faranaceous endosperm. 

Fig. 203. 

O 




Diagram of the flower of a grass. 

The flowers of most grasses may be deduced aa is shown in Fig. 208 on 
the theory of the abortion, of cerbaiu parts from the typical Monoootylc- 
donous flower represented in Eg;, 171, which is itself the typical diagram 
of LWaciue. The posterior leaf of the inner perianth whorl, the outer 
perianth whori, the whole of the innor whorl of staineM, and the ante- 
rior carpel are wanting-. 

The hollow jointed stems, the leaf-sheaths split down 
at the side opposite to the blade, and the ligule at the baso 
of the blade, &c., distinguish this order from the Gy peraceai. 
Sugw canes (Uk)j however, have solid stems, and the rhi- 
zomes of ordinary grasses arc also commonly solid. The 
remai'kable awn which is produced in the flowering glumes 
of many grasses is usually regarded as a barren development 
of the axis of the spikelet, which would make the inner 
palea the subtending bract of the flower ; the ligule is 
generally regarded as an excrescence from the upper parts 
of the sheathing petiole. The main value of this order 

15 
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Fruit o£ Uico, showing the glttmea some with ami some without nwna, 

is in the seeds or more properly the fruits, especially of 
what are called the cereal grains, such as Rice, Maize, 
Wheat, Rye, Barley, and Oats. 

Mr. Bentham .has lately proposed a new or modified 
classification of grasses, of which the following is an out- 
line : — 

Semes A. — Panicacece. 

Spile elet jointed to the pedicel below the outer glumes, 
with one fertile flower, with or without a male or barren 
flower below it. 
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Tribe 1, Panicece. — Spikelets hermaphrodite, rarely- 
unisexual by abortion, spicate or paniculate; rachis of the 
inflorescence not jointed; flowering glume not awned, 
hardened in fruit or at least stiffer than the outer ones. 

One of the largest tribes, particularly numerous in tro- 
pical countries. Example : Paspalum, Panicum, Pannise- 
tmn, Oplismenusj Setaria, etc. 

Pwuicurn commiUatum (Makar-jall) is a common grass 
of which cattle are very fond. 

Tribe 2, Maydece. — Spikelets unisexual ; the male ter- 
minal, spicate or paniculate, the females spicate at the base 
of the males or in a separate inflorescence, disjoining from 
the rachis, except in Zea. 

A very small tribe, including the genera Ooix and Zea. 

Zea mays (Bouta), the largest cereal ; it is cultivated in 
various parts of India ; the flowers are monoecious — -a rare 
occurrence among the Gram niece. 

Tribe 3, Oryzew, — Spikelets hermaphrodite or rarely 
unisexual, paniculate or spicate ; rachis of the inflorescence 
not jointed; scale or glume next the flower 1 -nerved or 
keeled, not 2-nerved as in most grasses. 

Also a small tribe, yet it includes the important genua 
Oryza. 

Oriza sat-wa (Dhan) : the flowers of this well-known 
useful cereal have 6 stamens. 

Tribe 4, Tristcginece. — Spikelets hermaphrodite) solitary 
geminate or fasciculate along the branchlets of the inflo- 
rescence; empty glumes awned or awnless; flowering 
glume transparent or membranous, awnless or terminating 
in an awn. 

An unimportant tribe, scarcely represented in India 
except by the monotypic Thysanolsena. 

Tribe 5, Zoysiecti. — Spikelets hermaphrodite or some 
of them imperfect, not jointed to the rachis, solitary or 
clustered ; flowering glume membranous, often smaller 
than the empty ones and transparent. 

Zoysia procumbens and Lappago procumbens are com- 
mon representatives of this small tribe. 

Tribe 6, Andropogonece. — Spikelets in pairs at each 
node of the jointed rachis of the spike or of the branches 
of the panicle, or in triplets at the end of each branch ; the 
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spikelets of each pair or triplet homogamous or hetero- 
ffamous ;' flowering glume smaller than the empty ones by 
a line, and often awned. 

A large tribe, chiefly tropical and subtropical. Among 
other genera it includes Saccliarurn, Erianthus, Hemar- 
thira, lseliEemum, Sorghum, Chrysopogon. 

S. cylindricwn (Ulu) is a native of moist stiff pasture 
ground, particularly common over Bengal, where the fields 
are white with it when in flower after the first rains in 
April and May ; it is generally used for thatching. 

The fragrant roots of Andropogon mnricatus (Khas- 
khas) are well known all over India; they are used for 
making tatties, covers for palkis, &c. It usually grows 
in low, moist, rich soil, on the hanks of rivers. 

Saccharum offwinarum (Uk) 
has solid culms from 6- — -12 feet 
high; extensively cultivated for 
its sugar-producing qualities; it 
flowers during the rains. S. spon- 
taneum (Kash, kc&e) has culms 
from 5 — 15 foot high; it grows 
on the banks of rivers, railways, 
and other uncultivated land; it 
is used for making mate and for 
thatching houses. 

Series B. — Poaaea). 
Pedicel continuous below the 
outer glumes; radii s often joint- 
ed above the persistent outer 
glumes, produced above the fer- 
tile flower, stalk-liko or bearing- 
empty glumes or imperfect 
flowers, or sometimes with ono 
terminal flower as in the Pani- 
cacea), but then falling away with 
its glume from the persistent 
empty glumes. 

Tribe 7, Phalar ideas. — Herma- 
phrodite flower 1 ; terminal glumes 
CutiingoiaSuenr-cnncahow- (or 5 and a pale), 1 -nerved or 

niK seconclaiy roots developed i 1 1 
frm the nodes. keeled, 
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A very small tribe, represented in the lulls of Northern 
India by three or four species of Hierochloe and Phalaris. 

Tribe 8, AgrostecB. — Spikelets 1 -flowered ; rachis 
produced or not beyond the flower in the form, of a bristle. 

This tribe is a rather large one, and is again divided into 
four subtrihes. The species are mostly temperate and 
subtropical. Sporobolus is an Indian genus. 

Tribe 9, Isacknece. — Spikelefcs equally 2- flowered; 
glumes usually awnless ; rachis not produced beyond 
the flowers. Example : Isachne. 

Tribe 10, Aveneai. — Spikelets two or more flowered, often 
panicled; flowering glumes almost always furnished 
with a dorsal, rarely terminal awn ; rachis usually pro- 
duced beyond the flowers. 

Mostly grasses of temperate climates. Species of the 
typical genus, A vena, yield the valuable northern cereal 
oats. 

Tribe 11, Chloridem. — Spikelets one or more flowered ; 
sessile in two rows along the rachis of the unilateral 
spikes. Elensino and Chloris are representative genera. 

Tribe 12, Festuceai. — Spikelefcs two or more flowered, 
variously paniculate or rarely racemose ; flowering glumes 
awned or awnless. 

This tribe is numerous in genera and species ; but they 
are chiefly inhabitants of temperate regions. Exagrosfcis 
is a large genus represented in tropical India. 

Tribe 13, Hordece. — Spikelets one or more flowered; 
sessile in notches of the rachis of the simple spikes. 

This tribe is neither numerous in genera nor species, 
yet it is one of the most important, as it embraces several 
of the most widely cultivated cereals, as Wheat (Triticum), 
Barley (Hordeum), and Rye (Secale). 

Tribe 14, Bambusece. — Tall grasses, often woody, at least 
at the base; leaves flat; limb very often jointed to the 
sheath ; spikelets one or more flowered ; stamens 3 — 4 or 
more. 

The bamboos are one of the most useful and important 
tribe of tropical and subtropical grasses. 

The Graminese constitutes one of the largest natural 
orders, and includes probably from 3,000 to 4,000 species. 
They are universally distributed and have been culti- 
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Secondary roots as in most grasses. 



Imbrianted (estivation 
of a k'russ ( fl £6 
page 17). 

vated from the remotest antiquity. Rice furnishes a larger 
proportion of food than any other single species. 

Rye, barley, and oats are the hardier " cereal grains ; " 
wheat is the chief grain of temperate and warm temperate 
climates. Rice and maize form the chief grains of the 
tropics : maize or Indian-corn, the largest cereal, is a plant 
of American origin. 



HITCFACE. Vll 

The first division, the Zygomycetes (or Zygospevmeje 
Aclilorophyllaceffi), is composed of the ilucorini only (includ- 
ing the Piptocephalidss). The second, the Oomyeetes (or 
Oospermete Achlorophyllacesej, comprises the Peronosporese 
aud Saprolegniesc (including the Chytridiaccse). The third, 
the Carpomycetes (or Carjjospermese Achlorophyllaeeee), is 
made up of the TJredinea?, TJstilaginea; Basidionrycetes, and 
Ascomycetcs, the lichenes being included in the last as a 
sub-order. 

" The Algae are arranged under three corresponding sub- 
classes. The Zygophyceae ( or Zygospermeas Chlorophyllacete) 
is made up of the following orders : — Panclorincse, Hydro- 
dictyeEe, Confervacesc (under which the Pithophoracese may 
possibly come), TJlotrichaeeao, TJlvacere, Botrydieae, and Con- 
jugate (the last comprising the Desmidieae, Diatomaceae, 
Zygnemaceae, and Mcsoearpeaj). The Oophycere (or Osper- 
mece Chlorophyllaceae ) includes the Volvocineae, Siphoneae 
(with the nearly allied Dasyclaclcre), Sphaeropleaceaav (CEdo- 
goniaceae), lucaceae, and Phaeosporese. The CarpoplvycesB 
(or Carpospermeae Chlorophyllaceae) is made up of the 
ColeocIiEeteae and Floritloce. 

" The Characeae constitute by themselves a group of pri- 
mary importance; the Muscineaj are unchanged, comprising 
the Hepaticse and Musci (including Sphagnaceae). 

"In vascular Cryptogam it is proposed to revert to the 
jnimary distinction into Isosporia and fleterosporia as 
most in accordance with probable genetic affinities. The 
Isosporia consist of the Filiccs (including Opkioglossacese), 
Lycopodiacete, and Equisotacoas. The Heterosporia comprise 
the Rhizocarpese and Selaginollaceas. In the terminology of 
the Heterosporia, the inconvenience and incorrectness are 
pointed out of the use of the terms ' Macrospore ' and 
' Macrosporangium ;' and it is proposed to call the two 
kinds of spores, and their receptacles respectively, Micros- 
pore, Mogaspore, Microsrjorangiuin, and Mega.iporangium ; 
or better, in reference to their sexual differentiation, Andros- 
pore, Gynosporo, Androsporangium, and Gytiospjorangium ." 

W. H. G. 

ChINSURAH ; 

November, 1882. 
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The second group of flowering plants (the gymnospermia) 
produce ovules on open carpellary leaves ; the endosperm 
arises before fertilization, and the contents of the pollen- 
grains are divided before the formation of the pollen tube. 
In the peculiarities of their tissues and especially of their 
sexual reproduction, these plants occupy an intermediate 
position between Angiosperms and vascular Cryptogams. 
In the anatomical structure of the wood, Gymnosperms 
resemble Dicotyledons. They differ, however, in the layers 
of wood which are formed after the first year, being desti- 
tute of vessels and ducts and in the usual presence of 
bordered pits in the wood- tissue. 

The Gymnosperms are divided into three orders, embrac- 
ing plants of strikingly different habit, but closely allied 
in their morphological structure : — 

Obdee I.—Gnetacem 

Are shrubs or rarely small trees, usually with jointed 
stems, and destitute of the resin so characteristic of conifers. 
There are only three genera belonging to this order. 
Ephedra, which approach the Oasuarina in habit, are 
confined to the Himalayas and other temperate regions. 
The species of Gnetum are climbling shrubs, with opposite 
glabrous leaves and monoecious flowers ; the male flowers 
each consist ot a single stamen, with a 2-celled anther or 
of 2 stamens having 1-celled anthers, the female of a 
naked ovule enclosed in an undivided perianth. 

Welwitschia mirabilis, the only representative of the third 
genus, is a native of the desert regions of South-Western 
Africa ; it is a most extraordinary dwarf-tree, seldom rising 
more than two feet above the sand in which it grows j it 
never has more than two leaves, but these are of immense 
size, and were believed to be the cotyledons; but it has 
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lately been ascertained that the cotyledons perish early and 
ace succeeded by one pair of permanent leaves ; the plant 
attains an age of at least a hundred years. 

Order II. — Qomfevce 

Are trees or shrubs, with small, usually needle-shaped or 
scale-like leaves, rarely flat, as in Podocarpus. The flowers 
are always incomplete, and either monoecious or dioecious ; 
the female flowers are of various forms, and are oiLhor 
solitaiy or united into cone-like inflorescences. The male 
flowers consist of a slender short or elongated axis ou 
which the numerous stamiual leaves are arranged. 

The affinity of the Coniferte are with Dicotyledons by 
their habit of growth, although there is an essontinj 
difference in the internal structure of their organs. The 
. pitted woody tissue with the absence of vessels and ducts 
serves to distinguish the wood of coniferous stems. The 
Coniferaj may be roughly divided into three tribes — namely, 
the Abietinece, the Cupressineas, and the Taxinera : 

Tribe 1. Abietinew. — Flowers usually monoecious ; cones 
usually large, the scales becoming more or loss woody ; 
ovules two or more at the base of each scale, inverted. 
Trees with long needle-shaped leaves in fascicles of two, 
three or five according to the species (I'iims longifolia), 
or linear scattered leaves (Oedras doodara), or small or 
large scale-like leaves (Araucaria sequoia). 

Pinus longifolia is common in the Himalayas at ele- 
vations of 5,000 to (3,000 ,feet. Tho wood is light, and being 
full of resinous matter is frequently employed iu the hills 
for making torches. 

P. deodara (Debparu) is also a Himalayan tree; the 
wood is durable and is used in the construction of Hima- 
layan houses. Both these trees yield a large quantity of 
turpentine and resin. 

Tribe 2. Cw^ress'Miece.— Female flowers in Rmn.ll cones qv 
strobiles consisting of a few scales and no bracts, usually 
thickening and founing a globular or ovoid fruit ; ovules 
and seeds erect, one or more at tho base of each scale. 
Trees or shrubs with small spreading awl-shaped, or scale- 
like closely imbricated leaves. Examples : Juuipovus com- 
munis, Thuja orientalis. 
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Tribe 3. Taxinem, — Fertile flowers, solitary, ripening 
into a fleshy fruit; ovule erect; leaves linear, scattered 
(Taxus); leaves flat, rather hroad (Podocarpus). In this 
genua, the last trace of resemblance in habit to the flowers 
of Angiosperms ceases, only a few ovules being produced 
on a naked inflorescence ; the flowering shoots are deve- 
loped from the axils of foliage leaves. 

In Hooker andBentham's Genera Plamtarum the order 
is divided into six tribes, based upon modifications of the 
inflorescence and the position of the ovules. 
Oej)EH III, — Cycadece 
Are tropical or subtropical dioecious trees or shrubs, 
with simple or branched stems, resembling palms and 
troe ferns in their habit ; the flowers are arranged in termi- 
nal cones at the apex of the stem in the centre of the crown 
of leaves, or they are lateral. 

In Cycas the female cone is truly terminal, consisting of a 
rosette of scales orleaves similar to the ordinary ones, though 
smaller and ovuliferous only in their lower parts, and further 
growth takes place through its axis. There is, in fact, an 
alternation of ordinary leaves and ovuliferous leaves on 
the same axis. In all the other genera, the cones are sub- 
terminal and deciduous. The ovules are borne on flat or 
peltate scales, either beneath, or at the base, or on the 
margins. The ovule contains several embryos, but only one 
Fig. 213. is developed; the seeds 

have a hard or succulent 
testa. The 1-cellcd an- 
thers or polliuiferotis 
cells cover the under 
surface of the male cone- 
scales. The distribution 
of the reproductive or- 
gans over the leaflike 
carpels together with the 
occasional circinate ver- 
nation of the leaf-seg- 
ments connect this order 
with the ferns. 

Cyeas revoluta is very 
commoniu gardens about 
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Calcutta. It has somewhat the appearance of a tree fern ; 
it lives to a considerable age. C. ciroinalis is common 
in gardens near the sea-coast of the southern provinces 
of Malabar ; a kind of flour is prepared from the fruit after 
it has been dried some time. C. rumphii is a peculiar 
branched species ; it is occasionally cultivated in gardens. 
Tli ere are some fine specimens of this plant in the Botani- 
cal Gardens, Shibpur. The stem is marked with scars of 
two kinds — those of the true leaves and those of the floral 
leaves. 

Zamia longlfolia and Z. horiida are also sometimes 
cultivated. 



CRYPTOGAMIA 



The second division of the vegetable kingdom — Crypto- 
gamia (see abstract, page 80g) — includes plants destitute of 
flowers, containing anthers and ovules. In Phanerogams, 
two sexual cells, dissimilar in form, size, and other respects, 
perform tbe process of fertilization ; one of the two sexual 
cells is the male, sperm, or pollen-cell, the other the female, 
germ-cell, or germinal vesicle. From the connection of 
these dissimilar cells, a structure arises which can no 
longer be considered a part of the connected conform- 
ation of the parent plant. These plant structures form a 
generation. 

In most Thallophyies, and in all Muscmeie and vascular 
Cryptogams, the generations which proceed from one 
another are dissimilar, having dissimilar habits of life and 
conformation. For example, a generation of the kind A 
-will produce one of the kind B, and this again one of 
the kind A. "The whole process of development which 
passes through the successive dissimilar generations, and 
finally returns again to the first form, is called alternation of 
generations." (A more comprehensive conception of the 
alteration of generation makes it applicable to flowering 
plants ; bnt in these the first generation does not exist as 
an independent growing plant. The endosperm of flower- 
ing plants has been regarded as analogous to the prothal- 
liuin, the embryo-sac to the macrospore, and the pollen- 
grain to the microspore of certain Cryptogams. But the 
endosperm is often wanting, and alternation of generation 
has almost disappeared.) 

"It is only in some Algse and Fungi that all successive 
generations are similar and produce similar reproductive 
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cells," as in Nostocaceas, etc., where asexual generations 
follow one another without intermission. In Spirogyra, etc., 
an uninterrupted series of sexual generations succeed one 
another. 

The usual case among Algss and Fungi, and the univer- 
sal one among Muscineffi (Mosses and Liverworts) and vas- 
cular Cryptogams (Ferns, Horse-tails, and Stag-mosses), is, 
however, for sexual and asexual generations to alternate 
regularly. When the reproductive cells are asexual, that 
is, developed independently of any foreign aid, the genera- 
tion from which they are derived is called an asexual 
generation. The asexual reproductive cells usually become 
detached from the mother plant, and are dispersed (hence 
called spores), in order to produce the new generation at a 
distance from it. When the reproductive cells are sexually 
developed, the generation to which they owe their origin is 
called a sexual generation. One of the two sexual cells, 
the germ or female cell, generally continues to lie in a 
special organ of the mother plant (the oogonium, archego- 
nium), and there waits fertilization by the other sexual or 
male cell (spermatozoid, antherozoid). 

The classification of Cryptogams proposed in the fourth 
edition of Sachs' Lehrbuch der Botanik is here adopted; it 
rests on such a sound scientific foundation that it must 
ultimately come into general use in its main features. The 
whole range of Cryptogams he divides into three groups : 
1st, Vascular Cryptogams ; 2nd, Miiscineae ; and 3rd, Thal- 
lophytes. 

GROUP I.— VASCULAR CRYPTOGAMS. 

In vascular Cryptogams, the sexual generation which 
proceeds from the spores is a small body of the simplest 
kind, without any considerable differentiation of tissues. 
It appears externally as a mere precursor of further de- 
velopment; hence the name prothallium (see Fi^ ICC) 
has been given to it. In Filicineaa and Equisetacerc, tho 
prothaUiuin carries on an independent existence resembling 
the thallus of the lower Hepaticse (liverworts). In the 
JJichofcomesB (Selaginella, Club-mosses) it becomes simpler 
audits morphological differentiation less pronounced, In 
lerns and Ecpusetaceae, the prothallia continue to grow 
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for a considerable time, and contain a large amount of 
chlorophyll and form numerous root-haira. 

When mature, the protballia produce the arcJiec/onia ( a 
special organ of the mother plant, in which the germ-cells 

are formed j, and anthe- 
riclia (cells, or masses 
of cells, which produce 
the male reproductive 
bodies), usually in con- 
siderable numbers ; in 
Equisetacese these pro- 
tballia are usually dioe- 
cious, the male pro- 
thallia being smaller 
than the female; in 
ferns, monoecious, al- 
though they both pro- 
ceed from similar spores. 
In the division Rhi- 
zocarpeffi and Ligulatse, 
there arc two kinds of 
spores — uiaorospores 
(female) and micros- 
pores (male). The mi- 
crospores develop a 
female prothallium, 
which remains within 
the spore, or is only 
partially protruded, and 
which produce exclu- 
sively archegonia, or 
sometimes only a single 
one. In Ligulatsa, the 
prothallium is devel- 
oped in the spore itself, 
filling it up with amass 
of tissue, the archegonia becoming exposed otiiy by the 
splitting of the cell-wall of the spore. This process is 
similar to what takes place in the ovules of gymnosperms, 
where, before the pollen-grains fall on the mieropyle, the 
embryo-sac becomes filled up by free cell formation with 




Prothallium (sexual generation) of a fern. 
tx* The pi'othnllium, natural .sise, to bo 

found on damn walls, etc. 
i. TI16 same prothallium magnified. 
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delicate cellular tissue (the endosperm), in which are formed 
the corpuscula or secondary embryo-sacs, and which are 
very much like the archegonia in the internal prothalliura 
structure of Selagineila. The microspores produce a rudi- 
mentary male prothallium, which remains within or attached 
to the spore, analogous to what is seen in the pollen-grains 
of Gymnospermia, which, in like manner, produce a rudi- 
mentary prothallus. 

The archegonia of vascular Cryptogams are like those 
of the Muscinese, consisting of a cup-shaped mass of tissue 
enclosing the oosphere (female-cell) and of a restrict- 
ed portion, the neck. The flask-shaped archegonia are 
hollow receptacles formed in the thick part of the pro- 
thallium, and have a narrow neck-like passage through 
which the antherozoids reach the oosphere (femalo-cell). 
In vascular Cryptogams, however, the tissue of the ven- 
tral part_ is formed from the prothallium itself. The 
antherozoids or apermatozoids, as they are sometimes called, 
are similar to those of the Muscinese spirally coiled 
threads, usually with a number of fine cilia on the 
anterior coils. The asexual generation is that in which 
the plants are commonly seen and known, and during 
which they attain the highest degree of development i 
in the vegetative structure, they arise from the oospore 
(fertilized oosphere) in the archegonium ; they soon be- 
come independent plants, which free themselves at a very 
early period from the prothallium, and obtain their own * 
nourishment. It is this asexual generation which is 
called in ordinary language the Fern, Equisetvm, etc. 
Roots are usually present except in Salvinia, Psilotum, 
and some species of Hyinenopbylluni, and they always 
remain ( nearly uniform in size. The leaves arc not *so 
varied in their forms as in Phanerogams ; thoy are either 
simple, segmented or variously branched. The difforon- 
tia i^u ° f the tIssues illto epidermis, fundamental tissues, 
and fibro-vascular bundles are always clearly distinguish* 
able. Vascular Cryptogams form a group connected with 
one another by very obvious bonds of relationship, 
but may he divided into three tolerably well marked 
classes: (1) Filicinewj (2) Equisziacm; and (3) Dieho- 
tomi: 
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Abstract of Vascular Cryptogamic Orders. 



'Stipulate 



fFilicineie ...-{Filices 
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Equisetaceie 



Dicliotomi 



IJihizocarpeffi 

fLigulatso 
LLycopodiaoese 



JOphinglossaceai. Ex.: Adder's Tongue. 
' (Marattiacese. Ex. : Marattia. 

f Pnlypodiacea;, Ex, : Mniden-hair, etc. 

Cyathencerc. Ex. : Tree Ferns. 

OamuitflaceK. Ex. : Itoynl Fern. 

Soliizsecea?. Ex. : Twining Fern. Lygn» 
dium. 
| Gleicheniacem. Ex.: GleichPtiia. 
l_Hyn]euopuyllaceffi. Ex.: Film Ferns. 

f Maraileacea). Ex. : Pepper-Ttorts. 
' { Salvineaceas. Ex. : Water Ferns. 

. Equisetaceai. Ex. : Horse-tails. 

fSetagmelfeae. Ex. : SelngineUa. 
' \ Iioeteai. Ex. : Quill-wort. 

fLycopodiea. Ex. s Stag's horn Mo«s. 
' \ Peilotero. Ex. : Psilotum. 



Class I— Filichtoe. 

The second or asexual generation are plants "with large 
usually divided leaves, bearing sporangia (capsules con- 
taining spores) (see Fig. 167), collected in sori (groups of 
sporangia); usually on the under surface of the leaf. The 
Filicinere are divided into— (1) Stipulate!}; (2) Filices ; 
(3) Mhizocarpeco. 



Fig. 215. 




A sporangium of 
a Fern (magnified). 
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Division J— Stipulate. 

These plants, hitherto included among ferns, must be 
separated from them in consequence of the entirely 
different mode in which their sporangia are former! ; they 
agree with the sporangia of all vascular Cryptogams, in 
the one point of belonging to the leaves. The sporangia in 
the Stipulate are not, however, products of single epider- 
mal cells, as in Ferns and Rhizoearps, but their origin 
more resembles that of the pollen-sac of the anthers of 
many angiosperms. The stipulate structure occurring in 
these plants is entirely foreign to ferns. The second or 
asexual generation is usually unbranched, the leaves 
stipulate, and the sporangia are produced from the meso- 
phyll of the leaf, and of one kind only. The Stipulate 
are divided into two orders — Ophwghssucece and Maral- 
tiuoeoe. 

Order 1. — Opldoglossacea). 

The prothallium is developed underground and is 
destitute of chlorophyll. The leaves are not circiunate in 
vernation; and the sporangia dehisce by two valves open- 
ing down the side nearly to the base ; they have no ring 
or aunulus. 

Order 2. — Marattiacem. 

The leaves are oiroinnate in vernation ; the sporangia 
open by pores or by a slit doAvn one side of the capsule ; 
they are without a ring, and are usually jointed together in 
concrete masses (synangia). 

Division II — Fjxices. 

The sexual generation or prothallium arising from the 
spores of the plants of this group, is a thalloid structure 
containing chlorophyll, and obtaining its nourishment 
independently; it producos simple root-hairs (rhizoids), and 
finally antheiidia and avchegonia; the profchallia of Poly- 
podiacere are bright green organisms of a scale-like appear- 
ance ; they grow abundantly on old walls and low ground, 
in damp and shady situations ;' they are found most abun- 
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dantly afc the beginning of the rainy season. The protliallia 
Fig. 216. jr are monoecious, though, 

as in Osmunda, they 
show a tendency to be 
dioecious. 

The second or asexual 
generation or fern as 
it is popularly termed, 
is erect and unbranch- 
ed, or prostrate and 
slightly branched; the 
mature fern is in some 
HymenopliyllaceEB, a 
amall delicate plant, riot 
much exceeding in 
dimensions the larger 
MuscineiB ; in other sec- 
tions, the fully grown 
plants attain the size of 
considerable shrubs; 
some species assume 
even a palm-like habit, 
and are called tree ferns. 
The leaves (common- 
ly known as fronds) 
are not stipulate , they 
are usually character- 
ized by a circinnate 
vernation, and they 
only unroll in the last 
stage of their growth. 
The form of the leaves 
are among the most per- 
fect in the whole vege- 
table kingdom, the la- 
minae are usually deep- 
ly lobed, branched, or 
pinnate. In Lygodium 
Pinnate leaf (frond) of n Fern. the leaf-stalk 01' racllis 

resembles a twinuing stem, growing for a long period, the 

pinnEe presenting the appearance of leaves. 

16 
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The sporangia (capsules) arise from single epidermal 
cells, and are usually stalked unilocular capsules. A 
ring of cells is generally developed on the capsule in a pecu- 
liar manner, and is termed the an- 
nulus (see Fig. 167); by ils con- 
traction when it dries up, the cap- 
sule bursts. Sometimes, instead of 
the annulus, a terminal or lateral 
group of cells of the wall of the 
capsule is developed in a similar 
manner. The sporangia are general- 
ly combined into groups (sori), each 
group being termed a sorus (see 
Fig. 217). The sorus contains either 
a small definite number, or a large 
indefinite number, of sporangia. 
The whole sorus is gencrallycovered 
by an outgrowth of the epidermis, 
the indusium or involucre (see Fig. 
217). In soma cases the soil aro 
uniformly distributed over the 
in others they aro connected with 
The spores are of one kind only ; 
they do not usually germinate till a considerable time after 
dissemination. 

The systematic classification of ferns is based artificial- 
ly on the form of the mature sporangia for the orders, and 
of the form and arrangement of the sori for the goiiora. 
The Filices may be divided into six orders: (1) l'vhjpo- 
Macece;($) Cyatheacece; (Z) Osmundaceee; (4) Schiswcwew ; 
(5) Glaichenwcece ; and (C) HymenophyUuaeai (see Hooker 
and Baker's Synopsis Filicum) : — 




Portion of a frond 
with two soi i covered 
by iiiiluaiti. 

whole of the lamina: 
definite portions of it. 



Order 1, — Polypodiacece. 
Sori dorsal or marginal, of many capsules, usually pedi- 
cellate ; annulus vertical and incomplete ; dehiscence 
transverse. 

Order 2. — Cyatheacece. 

The annulus is complete, oblique ; dehiscence transverse 
sporangia sessile, Mostly tree ferns. ' 
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Order 3. — Osmundaccru. 



Sporangia shortly stalked ; dehiscence longitudinal, 2- 
valved, opening across the apex, furnished ■with a short 
horizontal ring, 

Order 4. — Sclu$choee>e. 

The annulus is in the form of a cap ; the dehiscence is 
longitudinal ; capsule 2-valved, opening down the side. 
In Lygodium, the climbing leaf-stalk ends in a lamina, 
which is not circinnate. 

Order 5. —Gleicheniaceo'. 

The sori are dorsal ; sporangia sessile, arranged in threes, 
or fours, with a complete transverse annulus ; dehiscence 
longitudinal; involucre none. 

Order 6. — Hymcnojihyllacece 

Are small, often epiphytal ferns. The sporangia are form- 
ed on a prolongation of the vein, beyond the margin of 
the leaf ; tlie annulus is horizontal or oblique; dehiscence 
longitudinal. 

Division III. — Khizocabpke. 

The sexual generation of Bliizocarpeoj is developed 
from spores of two different kinds, — the smaller, the mi- 
crospores (male), and the larger (which exceed the smaller 
several hundred times in size), the macrospores (female). 
The sporangia are formed in hollow capsular stalked recep- 
tacles, closed on all sides, usually termed sp nocarps. 

The Rhizocarpeie is divided into two orders : 

Order 1. — Marsileaceiv 

Are perennial plants, creeping in mud ; microspores and 
macrospores in the same sporocarp. Example : 2Iai'silea 
quadnfoUa. 

Order 2.~~Salviiieacetb 

Are annual plants floating on water ; microspores and 
macrospores in distinct sporocarps. Example : Water Ferns. 
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Glass II— Equisetace2e. 

The second or asexual generation are herbaceous plants, 
with fistular jointed stems (horse-tails'), see Fig. 218. In 
the sexual generation the prothallia are generally dioecious ; 
the male prothallia are small, the female are much larger 
(as much as half an inch). 

All existing forms are so nearly related to one another 
that they may he included .in a single genus Equisetum; 
even the Ecpusetacese of earlier geological periods, the 
Calamities, show in the little that is still discernible of 
their organization, the closest agreement with existing 
forms. 

Class III. — Dtchotomi. 

The second or asexual generation is usually repeatedly 
dichotomously branched, with very small 1 -nerved leaves ; 
the sporangia are solitary. The Dichotomeae may be 
divided into two divisions : Ligulatas and Lycopodiacoaj. 

Division I. — Ligulatve, 
The leaves are furnished with a ligule near the base ; the 
spores are of two kinds. The prothallia are small, and are 
never independent of the spores. 

Order 1. — Selaginellece. 

The leaves are small, scale-like, are -placed in four rows, 
and are of different sizes ; the lateral rows consisting of 
larger, the upper and under of smaller leaves. 

Order 2. — Isoetece 
Are aquatic plants, with a simple cylindrical but only 
slightly developed stem, with long grass-like leaves. 

Division II. — Lycopodiace^e. 
The Lycopodiaceas possess only one kind of spore ; the 
leaves are simple sessile, and with a single central vein • 
they are all of the same size, and are arranged spirally on' 
the stem. 

Order 1. — Lycopodicai 
Are plants with procumbent stems, hard and woody. 
Several species of the Lycopods are commonly known as 
stag's horn moss, or club moss. 



VASCULAR CRYPTOGAMS. 



235 



Order 2. — Psilotece 

Are plants with long, slender, many forked stems, and 
very small rudimentary leaves ; true roots are altogether 
wanting ; the sporangia are fcrilocular. 



Details of Vascular, Cyptggamic Orders. 
Order I, — -Ophioglossacece. 



In the sexual generation the phioglnssaceae is a monre- 



Tig. 21 




Oiiltioglossum, 



cious prothallium developed un- 
derground ; ■which produces a 
number of antbcridia and arche- 
gonia; the autheridia are cavi- 
ties in the tissue of the pro- 
thallium ; the antherozoids are 
similar in form hut larger than 
tfioseof the Polypodiaceie. The 
archegonia are developed in a 
similar manner to those of, other 
vascular Cryptogams, 

The asexual generation hears 
the sporangia, which are essen- 
tially different from those of 
ferns; they agree with the 
sporangia of all vascular Crypto- 
gams in the one point of belong- 
ing to the leaves ; they are not, 
however, the product of single 
epidermal cells, as in Ferns and 
Rhizoearps. The sorus is an 
entire lobe of a leaf, the inner 
tissue of which produces the 
mother cells of the sporangia, 
thus resembling the pollen-sac 
of the anthers of many angios- 
perms. Ophioglossmn reiiaula- 
twni (Bale, Ekteera) is a native 
of cool, shady places, where it 
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appears during the rainy season. 0. vulgutnm, L., is the 
common adder's tongue. Other geneva are : Botryohium, 
Swartz ; and Eelmintliostadiys, Kaulf. 

Order II. — Marattiacwi, 

In this order the sori are placed singly on lateral veins 
of the pinnne, to which they are attached by a narrow ridge 
shaped base; they resemble the Ophioglossacoa! in the 
origin of their spores, and by their stipulav structure which 
is entirely foreign to true ferns. Tlie commonest genera 
are : Maratt'ut, Sua. (which is a well-marked genus, ex- 
tending all round the world within the tropics) ; and 
Avgiuptcris, Hofi'm. 

Order III — Polypodiacece 

Are ferns with stalked 
sporangia, having a verti- 
cal incomplete amiulus 
with transverse dehiscence. 
This order may bo divided 
into ten sub-orders, which 
may be grouped into two 
divisions; the first (Tnvo- 
lucrataj) containing plants 
having an indusium, tho 
second (Exinvolucratoe) 
comprising those which 
have none (sec Hooker's 
and Baker's Synopsis Fili- 
cuui) : 




A portion of the loaf (frond) 
of a feui showing the tpoie oases 
in which the spoits aie found!. 
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A.— INYOLTJCRAIVB, 

1. Atplrnlra. The soci are unilateral on tlie course of the veins, 

2. Aytuliea?. Iuduyum uniform or peltate. 

3. DataWct?. The sori are terminal on a vein, or fit a fork or are 

placed on a Ultra-marginal anastomosing bend of the veins. 

4. JJ'wilitiBetr. Indusium bursts along its outer margip, afctaohed in- 

teriorly, 
ff. I'terliUie, Sori usually linear marginal; indusium bursting along 
its outward margin, attached exteriorly. 

6. Blecluate. Sori linear situated between the mid-riband margins 

of the leaflets. 

7. Diulisoiiiem, Iudu«ium cup-shaped, rsnexed. 

B.~ EXINVOLUCItATiG. 

8. An-Oidiehrer . Fronds ■wholly fertile. 
tl. J J olt/iHic?irrr, Sori usually globose, 

10. Grttmmitidea. Sori linear or oblong'. 

1. — The Asplenieat include tho genera Asphiiium, L.; 
Allan tod i a, It. Br.; and Actiniopteres, Link. 

2, — AspidiecB contain the genera Aspidium, a cosmopoli- 
tan genus ; Nephrodium, also cosmopolitan; Nephrolepis ; 
Oieandra, a small genus almost restricted to the tropics, 
distinguished from Nephrodium mainly hy habit, having 
widely creeping scandenfc shoots, jointed stems, and entire 
lanceolate elliptical fronds. 

3. — DavaRiecB include the genera Davallia, Cystopteris, a 

genus allied to Woodsia, 

4. — Lindmm contain only a single genus Linclssea. 

5. — Pteridece contain the genera Adianium (maiden-hair 

Kg. 220. ferns), most of the species of which 

are recognizable from all other ferns 

except the typical Liudsaea by the 

texture and one-sidedness of their 

segments; Cheilrtnthes, in which 

the fronda are under a foot long, 

often under six inches. It is very 

difficult to draw the line between 

Cheilanthes and Nothochlcena, 

Leaflet of an Adiantum. which is the corresponding non- 

indusiate genus. Onychiurti, Crj/plogramme, Pdlwa, Pteris, 

a large cosmopolitan genus; Geratopteris and Lomaria, a 

considerable genus closely connected with Blechnum, 

6. — Blechncai contain the genera Blechnum, Wood- 
wardia, and Doodia. 
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f.—DiclesoniecD contain the genera Onoclea, large herba- 
ceous ferns ; Woodsia, small herbaceous much tufted ferns ; 
Sphairopteris, and Dichsonia. 

8. — Acroshtichea', containing the single genus Acrosti- 
chum, L., are readily distinguished by the back of the 
fronds being almost or entirely covered with spore-cases. 

9, — Folypodiem, including also only one genus Poly-po- 
dium, which contain a larger number of species than any 
other genus. 

10. — Gvammitidece include the genera Notliochlaina, 
R. Br. ; Oymnogramme Desv, Bmmea,"K.., a genus of subar- 
borescent ferns ; Hfeniscium, Sohreb. ; Antrophyum, Kaull, 
ferns with simple fronds of firm but fleshy texture ; Vitta- 
ria, ferns having grass-like fronds of subcoriaceous texture ; 
Drymoglossuvi, Prsl. ; and Hemionitis, L. 

Order IV. — Cyaiheacem. 

The Cyatheacese are mostly tree ferns. The sori more 
or lebS elevated on a common receptacle are dorsal, globose ; 
sporangia sessile or stalked, with an oblique annul ua ; 
dehiscence transverse; involucre scale-like, or cup-shaped, 
or absent in alsopbila, Common genera are ; Cyaihea, 
Sm.; Alsophila.'R. Br. ; Diaculpe, Bl.; Matoniio, li. Br. (not 
arborescent) ; and Ilemiidia. The Alsopbila are arborescent 
ferns, with the general habit of Gyathea and Homitelia, 
but destitute of involucre. Aluophila latebrosa, H. K, is 
common almost throughout India proper and the Malay 
Islands, and is the common kind of tree forn seen round 
Darjiling. 

Order V, — OsmunJaceas. 

The Oamundacese are striking ferns, clearly marked 
by habit. The numerous shortly-stalked sporangia are 
arranged in dense sori on the back of the frond or in a 
spike or panicle, due to the non-development of the paren- 
chymatous tissue between the veins; the amuilus is 
horizontal and incomplete; the dehiscence is longitudinal. 
Other genus, Todaa, Willd. 

Order VL—Sohizcvacea). 
The sporangia are ovoid or pear-shaped; sessile- or shortly- 
stalked, opening down one side; the aunulus is complete 
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and circular, and is in the form of a cap, on the summit ; 
the dehiscence is longitudinal. Lygodium is a small widely 
diffused genus, well cha7 , acterized by its scandent twining 
stem. The primary brandies end in a lamina which is not 
circinnate. Lygodium, scandens, Lin,, is common in most 
parts of India; the sporangia appear in the rains and cold 
season ; the compound fronds are like slender climbing 
stems, bearing small fronds, and are of indefinite growth, 
Lygodium flexuosum, Sw. (Blurb-raj), is a perennial scand- 
ent plant ; the fronds are compoundly pinnate ; the ulti- 
mate segments are long and narrow, having sporangia on 
both sides. 

Schizwa, Smith, is a small widely-diffused genus, very 
distinct in habit. Other genus, Anemia, Sw. 

Order VII. — Gleicheniacece. 

The sori are dorsal, without indusium; spoi*angia sessile, 
usually two to ten in each sorus; the annulus is complete, 
transverse or oblique; dehiscence longitudinal. 

Order VIII. — Hymenophylkteece. 

This order contains the lowest forms of ferns, most 
nearly allied to the mosses ; they are small, often epiphytic; 
the sporangia have an oblique or transverse complete 
annulus, and therefore burst with a longitudinal slit ; they 
are formed on a prolongation of the fertile vein projecting 
beyond the margin of the leaf, which is surrounded by a 
cup-shaped indusium. The genus Mymenophyllum, Smith, 
contains small, sometimes very minute ferns, frequently 
found growing on trunks of trees and damp rocks ; the 
fronds are of delicate texture, often of an olive-green colour. 
The Trichomanas, L., agree with the last in habit of growth 
and delicacy of texture ; the shape of the involucre is 
characteristic. 

Order IX. — Marsiliaceai, 

In the asexual generation, these plants are perennial, 
creeping in mud ; the microsporangia and macrosporangia 
are contained in the same sporocarp. The sporocarp has 
somewhat the form of a bean, the stalk running up one 
of its edges ; the interior of the sporocarp is divided into 
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Fig. 22 J. 




compartments, each containing a sorus, the placenta, of 
which extends on its external face from the dorsal to the 
ventral edge of the sporocarp and projects inwards in the 
form of a ridge along the centre ; the placenta bears a row 
of macrosporangia, and on either side of this, a row of 
inicrosporangia. 

The sporangia must be considered as metamorphosed 

leaves with united pin- 
use, and bearing the 
sporangia on their upper 
sides in a definite rela- 
tion to the course of the 
veins, in the same man- 
ner as among the ferns. 
Beneath the epidermis 
of the wall of the sporo- 
carp, which is at first 
very hairy, lie two or 
three layers of thickened 
and lignificd cells, which 
form a very hard spovo- 
carp-wall, scarcely per- 
meable by water. 

Marsilca quailrifolia, 
Roxb. (Susneshilk), is 
very common on the bor- 
ders of tanks and marshy 
places; the leaves have 
long petioles, with four 
f*tJc~ leailets at tho summit. 

J ^ \ Tho leaflets are broad 

Marsttea guainfolia, wnii two sporoonrps. obcordate, entire, resem- 
bling the leaflets of Oxalis, or Trifolimn. 

Order X. — Salviniaoecu 

Are annual plants floating in water ; the microsporangia 
and the macrosporangia ave foimed in different sporoearpy, 
which are the metamorphosed teeth of the submerged leaves. 
A resemblance can thus be traced between the sporocarp 
of Ralvinia and the iudusiato sorns of Hyraenophyllaceai. 
Jn Salvinia tho wall of the sporocarp is thin and delicate. 
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Sulvinia imbricata, Roxb. (Pana), is a floating ramous 
plant, trapezifonn ; the leaves are sessile, alternate, and 
imbricated ; the sporocarps are situated between the roots, 
on the underside of the plant, and are covered by imbri- 
cated scales, H. cuGidlatn, Roxb, is a small floating ramous 
plant ; the leaves are opposite subsessile, cowl-shaped. 6". 
verticillftta, Roxb., is a floating plant ; the leaves arc oppo- 
site potioled, oval, flat ; the sporocarps are formed on the 
underside of the plant between the insertion of the leaves, 
surrounded with long hairy trichoiues. In S. hispida, the 
leaves are orbicular, cordate. AzolJa pivnata, R. Br., is a 
piimately branched plant, "with iniuute leaves; it differs 
from the Salvinia in having no true roots. All the Salvi- 
nias are common in Bengal during the rains. 

Order XI. — ■Eqtiisetacecc. 

In the asexual generation, the Equisetacete consist of 
herbaceous plants (horse-tails) with jointed rhizomes, and 
iistular jointed stems, with sheaths formed by the coales- 
cence of the leaves at their base ; the stems are verticil- 
lately branched at the joints; their vegetative organs have 
a resemblance to the dicotyledonous older Casuarinefe. 

The fibre-vascular bundles are arranged in a circle, 
between the central and cortical air-cavities; these bundles 
ascend in a vertical direction and parallel to one another 
through the internodes ; a quantity of silica is deposited in 
the stems, and especially in the epidermis. In their mode 
of reproduction, the Equisetacero closely resemble ferns. 

The spomngia of Equisetacea? are outgrowths of pecu- 
liarly metamorphosed leaves, and are generally formed 
in numerous whorls, at the summit of ordinary shoots, or 
of those specially destined for this purpose; the spores 
have three coats, — the first formed coat is capable of swell- 
ing; it splits subsequently into two spiral bands forming 
the so-called elaters ; a second and third coat soon after- 
wards make their appearance within it : all three lie at first 
closely one upon another like successive layers of a single 
coat ; but when the spore is placed in wator, the outer 
one swells up strongly and becomes detached from the 
others, and at the same time its division into elaters is first 
indicated, which by their hygroscopic properties assist in 
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the dissemination of the spores. The spores are highly 
organized, containing a nucleus and chlorophyll granules. 
The sexual generation, arises from the spores, which when 
sown in water, or on damp soil, show the preparatory 
phases of germination after only a few hours, and consist 
of independently existing usually dioecious proihallia ; upon 
the prothallia are produced the antheridia and archegonia ; 
in the antheridia are developed a number of eventually 
motile antherozoids ; iu the archegonia, a single central cell, 
containing an oosphere, which after fertilization develops 
into a young plant. 
The Equisefcaceaa at present existing consist of a single 
pig. 22A genus Eqioisetum. Equisetum debile, 
Roxb., is the commonest species of 
Equisetum in India; it grows abun- 
dantly in the plains and in the Hima- 
layas. E. diffusim, Don., .is a plant 
common in Northern India ; the stem 
and branches are slender; the latter, 
from three to five inches long ; the 
whole plant is about eighteen inches 
high. E. elcmgatum, Willd,, is a taller 
plant than E. diffusum; the branches 
also are not so long ; it grows in North- 
western India. E. arvense, L., is from 
six to eight inches high ; the axis ia 
very succulent. In E. variegatum, 
Schl., the nodes are of a bluish colour, 
E. limosum, L,, the smooth naked 
horse-tail is also to be found, Calct- 
mite'and other plants referable to this 
order occur in the Gondvana, and car- 
boniferous formations of India and 
Europe. 



Pnrtion of a stem of nn 
Equiseutm, with sporangia. 



Order XIL — Selaginella}. 



The asexual generation are terrestrial plants, bearing 
small heart-shaped leaves arranged in four nearly vertical 
rows, and are of two sizes ; the repeatedly dichotomizing 
branches are densely covered with them. (See modes of 
branching, page 15.) The sporangia arc shortly stalked, 
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roundish capsules, arising from the base of the leaf or from 
the stem itself. 

The Selaginellte are cultivated for the elegance of their 
foliage. Selagiiiella verticillata is a plant somewhat resem- 
bling the stag-horn moss in appearance, but of a more deli- 
cate green colour. Selagiiiella hi-color is a trailing plant, 
very common in the gardens about Calcutta ; the leaves, 
particularly during the rams, have a peculiar metallic lustre, 
in which dark blue, bronze, orange, and pale green are 
beautifully blended. S. caiidaki, Spring, is a large hand- 
some plant. S. Jacque. montis, Spring, is a small plant 
common in the Himalayas ; many other species are to he 
found in the Himalayas and Burmah. 

Order XIII. — Isoetea: 

Are in the asexual generation, aquatic plants, with long 
grass-like leaves ; the stem is distinguished by its extraordi- 
nary small growth in length ; the leaves have broad bases 
of insertion, and do not leave between them any surface 
of the stem bare. The sporangia do not dehisce, but the 
spores escape by the decay of the wall. 

Isodes eapsularis, Roxh, grows in deep standing water 
with Valisneria spiralis ; the leaves are delicate, from two 
to three feet in length, only about a quarter of an inch 
broad, and are slightly serrated near the apex. The 
sporangia are produced from the leaves and are heart- 
shaped. 

Order XI V. — Lycopodiece 

Are terrestnal plants with small usually closely imbri- 
cated leaves, of one size ; the sporangia are renif orro and 
arise in the axils, or at the base of the upper surface of 
the leaves, and are larger than those of the ferns ; thoy 
contain tetrahedral spores of one kind only ; they split 
when mature into two valves at the apex, or on the 
anterior surface. 

The profchallia are developed underground and are rnonce- 
cious. The genus Lycopodium includes a very large num- 
ber of species common in India, principally in the Hima- 
layas and mountains of Southern India. Z. clavatwm, L., 
is one of the commonest species. Thirteen Indian species 
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are represented in the Herbarium at the Boyal Botanical 
Garden, Sliibpur. 

The Lepidodendra are fossil Lycopods described by Hugh 
Miller as "great plants of the club-moss type, that ro.se 
from 50 to 70 feet in height." 

Order XV. — Psilotece 
Are plants with long slender, many forked stems, and 
very small rudimentary leaves ; true roots are altogether 
wanting. Example : 2 J silotum tviquetrum, S war La 

GROUP II— MUSCINEiE. 
The mosses and liverworts, which are comprised under 
the term Museiucie, resemble the vascular Cryptogams iu 
the fact that their life history consists of a sharply \lclined 
alternation of generation, a sexual (the moss) and an 
asexual. This last structure, when observed externally, 
appears simply as a fmifc; it is hence called indifferently 
fruit, or sporogonium, and is destined for the production of 
asexual spores. 

When the asexually produced spore germinates, it nives 
rise in most of the Hepaticre immediately to the sexual 
generation ; in all the mosses and a few Hepaticaj a coni'er- 
void thallus is first formed called a protone^ia, from which 

the sexual generation devel- 
ops. The sexual generation, 
unlike that in vascular Cryp- 
togams, is largely developed, 
and forms the plant commonly 
known as a mow* or livcr- 
wort. Tho sexual generation 
is cither a flat leafless thallus, 
as in most liverworts, or a 
slender leafystem,oi'ten much 
branched, as in most mosses. 
In most cases, the thalhis or 
the apex of tho leafy stem 
continues to grow, while the 
older parts die off; in this 
manner, the branches finally 
become independent plauts, 



Fig. 223. 




A moss (Hypimm) showing Uie lenfy 
poition (sexual genei.-uiun) ami fruit- 
like structure (asexual gejieiation) in 
w Inch the spoies m e i'oi mod. 
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and this, as well as multiplication by gemmae, &a, serves 
not only to increase the number of individuals, but is also 
the immediate cause of the social mode of growth of these 
plants. In this manner many mosses, such as Sphagnum, 
Hypnum, &C., form dense masses extending over consider- 
able areas. 

The sexual organs of the Muscineae are antheridia (male) 
and archegonia (female). The mature antheridium is a 
body with a longer or shorter stalk of a spherical, ellip- 
soidal,* or club-shaped form, within which the antherozokls 
are formed, which are spirally coiled threads, thicker at 
the posterior, and tapering to a fine point at the anterior 
end, at which are placed two long lino cilia, the vibrations 
of which cause motion. The female organs (the ai'chegonia) 
are, when in a condition capable of being fertilized, serai- 
shaped bodies bulging from a narrow base and prolonged 
into a long neck ; they contain within the cavity the 
oosphere or female cell. The antheridia and archegonia are 
usually produced in great mnnbeia in close proximity. In 
the thalloid forms of the Hopatiose, they are generally 
enveloped by later outgrowths of the tkallus. In mosses 
and some ETepaticte, several archegonia are commonly sur- 
rounded by an envelope formed of leaves, which is termed 
the periclwtjtiwm. In the- mosses the antheridia are fre- 
quently collected iu infloresconce-like structures either 
with the archegonia or in a monoecious or dioecious condi- 
tion. 

The asexual generation or sporogonium arises in the 
archegouium from the fertilized oosphere. It forms a cel- 
lular Tjody which causes the expansion of the original wall 
of the archegonium. After a time the wall gives way in 
the mosses by a circumscissile dehiscence, so that the upper 
part is carried upwards, ultimately becoming the calyptra 
of the sporogonium. Its behaviour supplies distinctive 
characters for the larger groups. In the lower Hepatiece 
the sporogonium remains always enclosed in the calyptra ; 
in the higher Hepatictc, it protrudes oidy after the ripen- 
ing of the spores. As the sporogonium grows, it becomes 
differentiated into a slender stalk or seta and a capsule ois 
urn or ikeca in which the spores arise. 

The mode of development of the spores of Muscincao 



246 



A TEXT-BOOK OF INDIAN BOTANY. 



agrees in the main points with that of the pollen of Pha- 
nerogamia; the layers of the tissue, -which produce the 
spores, after multipljdug to a certain extent, form free 
cells from the -whole contents of each cell ; each of these cells 
become divided into four, and each of these four new cells 
produces a single free cell from its whole contents. These 
last formed cells, set free by the solution of the enclos- 
ing membrane, are the spore cells, which when ripe are 
often marked with points or recticulations like pollen- 
grains. The ripe spores have a thin cuticle (the exospore) 
provided with small excrescences which is ruptured on 
germination by the inner layer of the cell-wall (ondospore). 
The differentiation of the tissue of Muscinete is not so con- 
siderable as in vascular Cryptogams j fibro-vascular bundles 
are not formed, only in the stem, and leaf- veins of the more 
perfect mosses, is an axial bundle of elongated cells differ- 
entiated, which may be considered as a slight indication of 
the fibro-vascular system. 

The Muscinese are divided into two classes : 1st, Musci 
(mosses), and 2nd, Hepaticse (liverworts). 



Abstract of Obdebs of Muscine^. 



'"M'usoi ] 
(Mosses) J 



MTJSCINEJE 



•i 



I 



Hepaticai 
(Liver-worts) 



{Bryaocm. Ex. : Eeafclier Moss. 
Phasacem. Ex. : Earth Moss. 
Andreacete. Ex.: Andrea. 
Sphagnaccffi. Ex. : Bos: MnsBoi, 
fJungermaimiete. Ex.: Liverworts. 
I Marchanlicaj. Ex. ; Marchantia. 
..,< Monoolece. 

I Biooiete. Ex.: Waterworts. 
(_Antnooerotoa), Ex, : Nardoo, 

Berkeley divides mosses into live groups : 

1. Plourosarpi 1 

2. Chdoearpi [ Bryacoa). 

a. Aot'ooarpi ) 

j r, ?? lB gl ' onp Phas oei of Acrooarpi ... Phasttoejn 

4. fcclnstocarpi Androaceaj. 

"■ BjmAaS^ Bphagmma. 

Many of the mosses and liverworts are cosmopolitan 
Fur particulars of these plants, see Berkeloy's Handbook of 
.British Mosses. Sec also Hooker and Taylor's MuscoVia 
Britanmca, 1827 ; Australian mosses, Mueller, 1864 ■ Bryo- 
logia Britannica, ' Wilson ; "mosses of the East Indies" 
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Mitten, Journal of the Linna?an Society, iii, 1859 (Supple- 
ment) ; and Synopsis Jluscorum Frondosornm, Midler, For 
the minute structure of the MuscineiB, see Sachs' Text-hook 
of Botany, translation by Benuet and Thistlcton Dyer. 

Class I. —Musci. 

In mosses, the sexual generation is developed from the 
spore with the intervention of a protonema, often densely 
filamentous, and consists of filaform stems, furnished ■with 
leaves in two, three or four rows, usually without any 
bilateral structure, and generally branching in a monopodia!, 
never in a dichotomous, manner (modes of branching, see 
page 15). 

In most mosses, tlio protonema disappears after it has 
produced the leafy stems as lateral buds; but where these 
latter remain very small and have only a short term of life, 
as in the Phascaceaj, &c, the profconoma still remains vigor- 
ous after it lias produced the leafy plants, unci when the 
sporogonium has already been developed upon them. In 
such cases, all three stages of the cycle of development are 
present simultaneously in genetic connection. 

The leaf-bearing plant, which afterwards produces the 
sexual organs, originates from the lower cells of the 
lateral branches of the protonema. " The sexual organs 
of mosses usually occur in considerable numbers at the end 
of a leafy axis surrounded by enveloping leaves often of 
peculiar shape ; a compound structure of this kind may, 
for the sake of brevity, be called a ' Flower.' Within a 
flower, either both anfcheridia and archegonia are pro- 
duced, or it contains only one kind of sexual organ. The 
flowers may then he either monoecious or dioecious ; " the 
antheridia are, when mature, stalked sacs with a wall con- 
sisting of a single layer of cells ; in most mosses they are 
of an elongated club-shape. The archegonia consist, when 
mature, of a moderately long base, which supports a 
roundish ovoid ventral portion ; above this rises a long 
thin neck. 

The asexual generation, or sporogonium, is formed in the 
archegomum. After impregnation, the oospore develops 
into the sporogonium, within the arahegonium, which latter 
grows with it and becomes the ealyptm. Although growing 
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within the tissue of the sexual generation, the spore-case 
has no organic connection therewith. 
Within the sporogonium (Iheca, or urn) 
a number of spores tire formed, and when 
they are mature, the stalk (seta), or 
pedicel, rapidly becomes elongated, thus 
throwing oil' the calyptra (veil) ; the 
neck of the archegonium, the wall of 

t which assumes a deep reel brown colour, 

The capsule withopcr- still for some time crowns the apex of 
cullun i,fem. P ° l ' J ~ tlie calyptra. A largo part of the cen- 
tral tissue' of the capsule remains sterile as the so-called 
columella; the upper part (operculum) of the capsule 
usually becomes detached from the lower part (the urn) in 
the form of a lid, in order to allow the spores to escape. 

" The vegetative reproduction of mosses is more copious 
and varied° than is the case in any other section of the 
vegetable kingdom. It presents the peculiarity that the 
production of a new leaf-bearing stem is always preceded 
by the formation of a protonema, even when the propaga- 
tion takes place by geumiee (seepage 15). Exceptions aro 
afforded only by the few cases in which leafbnds become 
detached, and commence immediately to grow." In some 
species, it is sufficient to keep a tuft of moss damp for 
some days, and turned downwards, in order to produce 
hundreds of new plants in this manner. 

No plants aie so easy to prepare for the herbarium as 
mosses; they easily part with any moisture which thoy 
have imbibed, and if common care is used, thoy are not 
liable to be spoiled by damp or seriously injured by the 
depreciation of insects. 

Abstract of Orders of Mosses, 

Mosses may be distributed naturally into four parallel 

orders : 

Bryacecc. I Afidrosmcra. 

Pkas.oaceoo. | Sphagnauem, 

Order I. — Bryaeeai 

Are mosses, with small and scalo-like leaves, usually 

spirally arranged. The sporogonium is always stalked, 
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and the seta is usually of considerable length. The theca 
i.*s covered by a calyptra, and opens by throwing off an 
operculum. The Bryaeete include a large number of 
genera. 

Order II. — Phascaaece 

Are small mosses, and may be considered as the lowest 
form of the Bryaeete. They are usually found covering 
the earth with a green crust, which ultimately develop into 
tiny plants. The bhorb stems remain attached to the pro- 
tonema, uutiL the spores are ripe. The sporogonium (urn) 
does not open by an operculum, but allows the escape of 
the spores only by its decay. 



Order III.-^Andreceacece 

Are small tufted mosses with blackish red foliage, which 
gives them a burat-up appearance ; tliey are very leafy and 
much branched, the leaves being imbricated in eight rows. 
The sporogonium has constantly a terminal position on the 
stems of the sexual plants, and sessile on a slightly elongat- 
ed stalk-like receptacle : the ripe theca does not open by 
an operculum, but by four longitudinal slits at the side ; 
this last peculiarity is characteristic of the order. 

Order IV, — Spkagnacece 

Are aquatic plants of cold and temperate climates, 
with peculiar yellowish green aspect, imbricate leaves, and 
fasciculate branches. The sporogonium (urn) is sessile on 
an often much elongated receptacle (pseudopodium). The 
sporogonium dehisces by an operculum and is destitute of 
a peristome. In the sporogonium two kinds of spores 
are produced, tlie larger of which only germinates. The 
Sphagnaeese include only a single genus. 



Class II. — Hepatic^. 

The sexual generation arises direct from the spore, or 
from a rudimentary pro-embryo developed on a dichoto- 
inously branched (see modes of branching, page 15) thalloid 
stem ; the mode of growth is distinctly bilateral. In the 
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greater number of families and genera tho vegetative 
structure is a broad, flat or curled plate of tissue. The 
leaves of all foliose Hepaticte are simple plates of cells, in 
which even the mid-rib usual in the leaves of mosses is 
always wanting. 

The asexual generation or sporogoninm remains sur- 
rounded by a calyptra (the ventral portion of the arche- 
gonium) until the spores are ripe. The mother-cells of the 
spores arise from the whole of the internal cells of tho 
sporogonium, or the intermediate cells become developed 
into elaters. The spores escape through the dehiscing of 
the capsule in valves. The external form and internal 
structure of the sporogonium are very different in tho 
different groups. The propagation by gemma) is very 
ei.inmon and characteristic ; the sexual organs are formed 
in the thnlloid forms, on the upper side exposed to light. 
In the foliose forms the origin of tho autheridia and archo- 
gonia is very various, and they are also developed in 
different ways. The antheridium consists, in the inaturo 
state, of a pedicel surmounted by a globular or ellipsoid 
body. 



Abstract of Orders of Hepatice. 
The Hepafcicte are usually divided into rive orders, viz : 



1. Jnngevmannieoa, 

2. Blarohantieic. 

3. Monocleaj. 



4. Riccicra. 

5. Anthooerotoai, 



Order I. — J-imgermaniiiett} 

Arc plants with distinct stem and loaves imbricated in 
a distichous manner, which gives a flattened character to 
the branches ; the sporogonium (capsule) bursts into four 
valves and contains elaters. 

Order II. — Marohmticce 

Are small green plants, with a thalloid stem, iu the form 
}f a lobed leaf -like cellular expansion, The sporogonia are 
collected on a stalked organ, and burst by four valves • 
,hey contain elaters. 
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Order III. — Monocline. 

This order contains transitional forms between tho 
Authocerotea) and JungermanniesB. The long sporogonium 
lias a longitudinal dehiscence, and no columella. The first, 
or sexual generation, is cither thalloid or foliose. 

Order IV. — Ricciccv. 

In these plants the thallus is leailike, and floats on 
water, or in some species is terrestrial and attached by 
root-hairs. The sporogoniuui is imbedded in tho thallus, 
and does not project above it ; it is indeliiseent arid con- 
tains no elaters. The spores escape on the decay of the 
surrounding tissue. 

Order V. — Anthocerotcce. 

The thallus is flat and irregularly branched. From the 
archegoiiium springs a pod-like capsule, which dehisces 
longitudinally into two valves when ripe. A columella is 
present ; the elaters have no spiral bauds. 



Details of Oedebs of MuscinejE. 
Order I. — Bryacam. 

The Bryacete, or true mosses, are very plentiful in India, 
particularly in the hills, In these plants the sporogonium 
is always stalked, and the seta is usually of considerable 
length ; the theca always opens by an operculum, which is 
either simply detached from tlie upper part of the theca, 
or a layer of epidermal cells (anuulus) is thrown off with 
the operculum. The opening of the theca is mostly fur- 
nished with appendages, separately termed teeth, or collec- 
tively peristome. If the peristome is wanting, the sporo- 
gonium is gymnostomous, 

The gemw Polytrichum (hair-mosses), to which the largest 
and most highly developed mosses belong, differs from the 
other genera in several points in the structure of the theca. 
The teeth of the peristome arc composed of thickened pro- 
senchymatous cells arranged iu bundles of a horse-ahoo 
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shape. The tooth arc from 32 to G4 in number, When the 
operculum is thrown off, a layer of colls remains uniting the 
points of the teeth. The genus Uiamivtm (fork-mosses) 
include a large number of species. D, palustra is a largo 
handsome moss, with yellow, green glossy foliage ; the leaves 
are broad at the base with serrated edges; tho urn is 
nearly erect, chestnut coloured, and lias a beaked operculum. 
The genus Tortula (screw-mosses) have long narrow urns 
growing on eroct sota (stalks) ; tho tooth are long and 
slender, and twisted round tho columella (pillar in the centre 
of the urn) ; the operculum (lid) is long and beaked. These 
mosses are very common, particularly in the bilk The gonus 
Grimmia comprises a large group of Lulled mosses, grow- 
ing on rocks; erect when small, prostrate when mature; 
the operculum is convex and slightly pointed. Tho colu- 
mella falls away with the operculum (as limited by some 
botanists the columella does not fall away but shrivels 
within the urn). The hair-mosses, Pogonatum, are very 
showy plants. P. cdoides has lance-shaped dcntaled leaves 
and an oval urn ; when moist the leaves are spreading, bub 
they cling close to the stem when dry. The genus JBryum, 
or thread-mosses, are also a largo group ; tlioy grow in tufts, 
on trees, rocks, and banks, with pear-shaped drooping urns 
aud stem clasping loaves, Milium, have generally largo 
loaves, which, -when examined through tho lens, are seen to 
he dotted and edged with a thick border. Tho upper leaves 
are larger than tho lower ones, and are arranged in a star- 
like form ; the urns aro largo and oval The genus Fivnaria, 
or cordrioaosses, have the seta vory much twisted. F. hygvo- 
imtriqa flourishes on wood ashes, and almost everywhere. 
■The bladder-mosses (PhjsoomUrium) liavo pear or club- 
shaped urns on an eroct or slightly curved seta ; tho oper- 
culum is covered by an inflated calyptra; this last pecu- 
liarity gives _ the name to the genera. Tho ilat forked- 
mosses (Fissidens) are numerous; they are very small 
plants; the leaves are placed alternately on cither side of 
the stem, which sometimes gives them the appearance of 
minute ferns ; the operculum is mitre-shaped. Anomodon 
is commonly found growing on tho roots of trees and of 
rocks; it has long branches interlacing one anothor. The 
genus Leshea are feathery mosses with oval urns, on erect 
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stems, ■which peculiarity distinguishes them from the genus 
Hypnum, the true feather-mosses, which have curved seta ; 
the urns also are generally slightly bent. Other genera are : 
Leptotricum, Tremcttodon, Dicranella, Bwrlula, Mhacomi- 
trium, Philonotis, Meteorium, Stereodon, Neckera, &c. 
(For further particulars, see authorities named, page 246.) 

Order II—PhascacecB. 

The Phascacere are small mosses, the theca is without an 
operculum, and the spores escape on the decay of the 
sporogonium. These earth mosses are very small, covering 
the ground with a green crust at first. They die away in 
a short time. The capsules have little or no stalks. The 
leaves are generally in eight rows, and the whole plant is 
wonderfully minute. 

Order III. — AndreasacecB. 

These mosses are in India, found only at considerable ele- 
vations in the Himalayas. They are-small caespitose plants, 
very leafy and much branched with blackish red foliage, 
which gives them a burnt appearance. This curious order 
of mosses has some striking points in common with the 
Jungermanuiese, particularly in its 4-valved capsule and 
irregularly torn calyplra; thus connecting the Hepatic© 
with the Mhsci. The capsule has, however, a central colu- 
mella, and is terminated by an evident, though persistent, 
operculum. 

Order IV. — Sphngnacece. 

The Sphagnacea include only the single genus Sphag- 
num. The stem in these plants is repeatedly branched, 
and these again are much divided. The urns are glo- 
bular (without a peristome) placed on very short seta. 
Sphagnum in India is only found in the hills. Mr. J. S. 
Gamble, who has made a large collection of mosses at Dar- 
jiling, informs me that ho only once found a Sphagnum in 
that neighbourhood, and that at the summit of Tonghoo, 
10,000 feet elevation. The epidermal tissue of the stem, 
&c, is provided with broad thin-walled empty cells, which 
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serve as a capillary apparatus for the plant through which 
the water in -which it grows is raised up and carried to 
the upper part, hence it results that the Sphagna, which 
always grow erect, are penetrated with water to their 
very summits like a sponge, even when their tufts stand 
high ahovo the surface of the water. 

Order V. — Juiigernanivioce. 

The greater number of the plants of this order form 
slender filiform stems with numerous sessile leaves ; these 
leaves arc sometimes arranged in two rows, situated on the 
upper side as in Radula. Usually, however, we find three 
rows of leaves, one hoing developed on tho under or shaded 
side (Amphigastria), the other -twd rows on the upper side. 
The principal genera are: Jungermannia, Pluyiochila, 
Lupidozia, Mubtiyobryum, Culypogea, Radula, Madotlma, 
Lejmnia, and Frulltmia, 

Order VI. — Marchantiece. 

The Marclianfcieee are minute green plants with a thalloid 
stem extending flat upon the ground ; the underside pro- 
duces a number of root-hairs, the upper side is covered by 
a very distinctly differentiated epidermis having large 
stomata of peculiar form. The antheridia and archogonia 
are borne on separate stalked receptacles, which should not 
he^ confused with the sporogonia of other groups. The 
principal genera are: Marchautia, Dumortiem, Grimaldia, 
and Fimbriaria. 

Order VII. — Monockcv. 

The Monoclese contain transitional forms between tho 
JuugermanniefB and the Anthocoroteaj. 

Order VIII. — Medea). 

The TLiccieEB are minute plants found floating in water, 
among Lemna, or rooting in the ground. 

Order IX. — Anthoceroteeu. 

These plants, which grow on loamy ground, have a per- 
fectly leafless flat thallus ; its irregularly developed rami- 
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fications forming a circular disk. In A. punctatus, adventi- 
tious shoots proceed from the margin of the thallus, and 
also from the upper surface. 



GBOUP III— THALLOPHYTA. 

Under this term are comprised Algpe and Fungi (Licliens 
being also included in the' latter section). 

The term Thallophyte is an adequate one, in so far as 
it points out one prominent property of the external con- 
formation of most Algte and of all Fungi ; hut a sharp 
boundary line cannot bo drawn in this respect between 
the Algce and Fungi and the group Muscinefe. 

The cellular structure of the plants of this group is their 
principal boud of connection ; and their most striking 
character of distinction from the higher Cryptogams ; the 
extraordinary variety of the forms and mode of life of the 
Thallophyta render it impracticable to characterize them 
collectively by giving a prominence to any other special 
feature of their growth or reproduction, especially alter- 
nation of generation, as may be done iu the higher groups 
of the Oyptogamia. 

The lower forms of the two divisions of the Thallophyta 
are very closely connected on account of their great sim- 
plicity of organization, which excludes the possibility of 
many different characters; it is therefore impossible to lay 
down accurate lines of demarcation between these two 
divisions: it may, however, be stated broadly that Alga 
contain chlorophyll, and are therefore able to assimilate 
inorganic substances ; while, on the other hand, Fungi 
contain no chlorophyll, and arc therefore unable to make 
use of unassimilafced food materials, but are found to live 
as parasites in other organisms, or on organic remains. 

In arranging the two divisions of the Thallophyta, it is 
perhaps best to follow the classiiication adopted in the 
fourth edition of Sachs' "Lehrbuch der Botanik, " in which 
AlgEB and Fungi are arranged under four classes, depend- 
ent on the nature of their reproductive organs, each class 
consisting of two parallel series; the first series (Algae) 
containing chlorophyll, the second series (Fungi) con- 
taining none. (See Sachs' Text-book of Botany, translated 
by Bennet and Dyer.) 
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Abstract of Orders of the Cryptogamic 
Group. 

Tiiallophyta. 

Glass I.— Oarpospore.e. 

The result of the fertilization of the female organs by 
tiro antherozoids is the production of a fruit-like body, in 
which a number of cells, besides the true reproductive 
cells, take part, and in which are produced the carpospores, 
which ultimately germinate. 



Order I. — GJiaracece 

Are submerged fresh- water 
plants with verticillately 
branched stems, the idtimate 
branchlets resembling linear 
leaves. Eeproductive or- 
gans, nucules ( female organs), 
and globules (male organs). 



Order II — Florldeco 
Are marine Algte, mostly 
of a red or violet, rarely of 
an olive, purple, or brownish 
colour; form variable. They 
are propogated sexually by 
means of carpospores formed 
in capsular fruit-like cells. 
The anfcherozoids are not 
endowed with iudopeudeufc 
motion. 

Order III. — Coleoehcetce 

Are minute fresh-water 
green Algse, constructed of 
branched rows of cells attach- 



Ordcr I. — Basidiomycetes 

Are Fungi growing on 
dead organic matter. From 
the mycelium (a structure 
developed from the spore) 
is produced the asexual 
generation, which is ordi- 
narily tailed the mushroom 
or receptacle, usually bear- 
ing quaternary asexualspores 
at the apex of erect basidia 
(projecting portions of the 
Fungus), 

Order II. — jEcidiomyeetes 
. Are Fungi parasitic on 
living plants ; the carpos- 
pores are developed from 
the mycelium beneath the 
epidermis of the leaf. The 
fruit-like structure (cecidia), 
when mature, breaks through 
the epidermis of the leaf, and 
forms an open cup, in which 
the spores are produced. 

Order IIL—Asoomyeetes. 

The asexual generation 
comprises a greater variety 
of forms than any other 
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ed to the submerged parts 
of other plants, and form- 
ing circular discs. The 
carpogonium is always the 
terminal cell of a branch. 
They produce s warm spores. 



order of Fungi. The com- 
mon characteristic by which 
all the different forms are 
connected, is the asexual 
formation of spores in the 
interior of sacs (asci). 



Cluss II — Oospores. 

Reproduction takes place by oospores (fertilized oos- 
pheres) resulting from the fertilization of a large oosphcre 
(female or germ-cell) by minute antherozoids (male or 
sperm-cell). 



Order L — Fucaeecti 

Are olive-coloured sea- 
weeds of a cartilaginous tex- 
tare, usually attached to 
rocks by a discoid base. The 
oosphcres are set free by the 
bursting of the oogonia, and 
are fertilized outside the 
plants by the antherozoids, 
and the fertilized oosphere 
at once develops into a new 
individual. 

Order II. — (Edoqonicm 
Are fresh-water filamen- 
tous AJgie. usually attached 
to the submerged parts of 
other plants. "The thallus 
consists of nnbranchod or 
branched rows of cells. The 
spermatogonia and oospores 
are formed in the cells of 
the filaments. 

Order 111. — Siphoncm 

Are plants living on damp 

earth, or in waLer, consisting 

of a single though much 

branched tubular cell; the 



Order I. — Phjoomyceies 

1 Are unicellular filamen- 
tous colourless paiasitcs. 
This order may be divided 
into two sub-orders — the 
Saproler/imim and the Pero- 
nosporew. The planta in 
both sub-orders form spheri- 
cal oogonia (special organ of 
the mother plant in which 
the germ-cell lies) at the 
end of the mycelium struc- 
ture, in each of which one or 
more oospores result from 
fertilization. 

The Saprologiniom mostly 
grow on the bodies of insects 
putrifying in water. 

The Peronosporoic live in 
the interior of l j hanei ogams ; 
the branches of thoir" uni- 
cellular mycelium growing 
between the cells of the 
tissue from which they draw 
their nourishment,, as in the 
tubers of the potato. 
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free part of the cell that does 
not penetrate the ground 
contains a parietal layer of 
protoplasm with abundance 
of chlorophyll, hut forms no 
nucleus. 

Order IV. — Sphceroplew. 

A group of green filamen- 
tous Algae. 

Class III. — Ztgospobe^. 

In this class the reproduction takes place by the union 
of two apparently similar culls. The class may he divided 
into two divisions according as the conjugating cells are 
motile or stationary. The product of the coalescence 
surrounds itself with a firm cell-wall, and is termed a 
zygospore; which generally germinates only after a long 
peiiod of rest. 

Conjugating Cells Stationary. 

Order L— Conjugates. Order I— Zygomycetes. 

In the McsocarpecB and Infest dead or dying parts 

Zijgncmeco, conjugation takes of plants, especially fleshy 

place between cells belong- fruits, which quickly decay 

ing to distinct unbranched in consequence of their at- 

filaments. In Desmiclieai tacks ; the mycelium is uni- 

atid Diatomaceai, between cellular, and much branched, 
isolated cells. 

Conjugating Cells Locomotive. 

Order II. — EydrodiclyecB Order II. — Myxomycetes. 

Are fresh-water plants, dis- These plants consist in their 
" tinguished by forming a vegetative condition of mass- 
large number of swarm- es of naked protoplasm (plas- 
spores, which, when they modia), which possess a 
come to rest, unite into a creeping motion on the sub- 
single family; net-like in stratum of decaying matter, 
Hydrodictyon, tubular in earth, &c, on which they 
Pediastrum. grow. 
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Order III, — Volvocinece 

Are microscopic Algse liv- 
ing in colonies, which, during 
the whole of their vegetative 
period, are continually in 
motion, the motion, as is 
usually the case with swarm- 
sporesj being caused by two 
cilia. 

Class IV. — Protopiiyta. 

No sexual mode of reproduction is known in those plants; 
propagation takes place by fission only. 

Order I. — Gyanophycece Order I. — Saccharomyees 

Are unicellular Algse of Are Fungi consisting of 
thread shaped, or moni I if orm branched rows of roundish 
rows of cells, usually simple, or ellipsoid cells which grow 
rarely branched, enclosed in in saccharine fluids ; and in 
gelatinous sheaths, by which growing cause the decom- 
fchey are united into large position of the fluid with 
colonies. They live in water formation of alcohol, &c, 
and damp places. 

Order II, — Sdhisomyoetes 
Arc most minute organisms, 
spherical and solitary, or rod- 
like, and united in filaments, 
characterized by tho case with 
which they break up into 
separate cells, as soon as they 
come into contact with tho 
atmosphere. 



ALGiE. 

The Alga) are cryptogamic plants living in water or in ' 
damp places exposed to the light, always containing chlo- 
rophyll ; they are extremely variable as to form, mm, and 
colour. They include some of the smallost and simplest 
forms of the vegetable kingdom, rising in other instances 
to a high degree of organization and considerable dimen- 
sions. The development of the mass of Alga; is attaiued iu 
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different ways, — sometimes the single individuals increase, 
as occurs in the most perfect forms, Characete, &c. ; at 
other times numerous individuals arc united into a genetic 
and organic whole, which behaves as an individual, as in the 
gelatinous Algse (Nostocaeece, &c.) ; they are all, however, 
exclusively cellular in structure and destitute of stoiaafca. 

In the cells of the lowest forms of this division nothing 
more can be recognized than a cell-wall containing a coloured 
protoplasmic substance; the latter always possessing a 
vacuole (fluid sap separated in the form of drops). A 
nucleus absent from the lower forms, is clearly present in 

Fiff. 22G. 



Kg. 22S. 




Spirogyra (magnified) 



A common filamentous Alj?a (GGilngniuum) found nlmnd- 
amly in, f rah water tanks, iilsua unicellular Alga (Diatome). 

the higher; the green protoplasmic substance sometimes 
forms granules, sometimes broad bands, often curved spir- 
ally, as in Spirogyra, sometimes discs, the forms of which 
are characteristic of particular genera, 

The shape of the cell-wall is much less varied than in 
other classes of plants ; the cell-walls of Algse have a great 
tendency to become converted inLo a mucilaginous sub 
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stance. In the Diatomacere, great firmness of the cell-wall 
is obtained by the deposition o£ silica. 

The mode of combination of the cells with one another 
is more various among Algss than in any other class of 
plants ; they are frequently arranged in a single row, or they 
form a flat surface, oidy one cell thick, or finally in the 
more highly developed forms of Algte, such as in the various 
species of Characeaa, Fucus, Sargassuin, &c, they exhibit 
the usual mode of formation of tissues which hero makes 
their appearance for the first time in the vegetable king- 
dom ; the outermost layer of cells being smaller and firmer, 
while the inner cells are often very large, and sometimes 
extremely long : and the eutire process of growth is governed 
hy a single apical cell. 

The external differentiation of the Alga? in their higher 
forms resembles the difference that exists between stem and 
leaf, and to a certain extent even of roots. True roots, how- 
ever, provided with a rootcap are altogether wanting (see 
section root, page 3). Sachs terms these loaf-like append- 
ages Plnjlloids, and the root-like appendages Hhiaoiila. 

The reproduction of Algte is effected in a numher of 
different ways; asexual reproduction is known, in all the 
classes, sexual generation in the three higher ; in numerous 
eases an alternation is found between asexual and sexual 

generations, The lowest 
forms multiply by dividiug 
into a number of colls or 
segments; this is the only 
mode of reproduction known 
in the Uyau-ophycea' and 
Palmellucew ; it is also very 
common amongst the Ues- 
midieffi anil Diafoimaceu'. 

Another remarkablo form • 
of asexual reproduction, 
which extends from the 
lowest up to the highest 
Alga 1 , is that known w 
reproduction hy swim),- 
sporcs or zuospores ; these 




IVvrlopmoiitof swiumsporos of CEdogonium 
a. a Blamont ; 1> und c, jouiis brinking- awm,. 
to omit their content* ; i2, empty cell ; e, swum. 
il'OTe ; /, young- tEdogomum (utter Half rev i. 



result from the contraction of the protoplasmic substance 
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of certain cells, 'which are then reconstructed, escape through 
an opening in the wall of the mother-cell, and then swim 
about in the water for a longer or shorter time, like infu- 
soria (the lowest class of animals), by means of two, four, or 
more cilia, ; they are microscopic and destitute of a cell-wall. 
After moving about for some time, the zoospores lose their 
cilia, become encysted, and grow into new Algje; they occur 
in both fresh and salb water. 

Iu the FloridejB (red seaweeds) a kind of gemma (see 
section bud, page IS) is formed termed a tetraspore, which 
consists of a parent cell divided into four chambers, the 
contents of which when set free from the parent plant 
grows up at once into new plants. 

Sexual reproduction is brought about in different ways, 
the most important distinction being that the sexual cells 
maybe either similar or dissimilar in size ; in the former 
the reproduction is termed conjugation ; this occurs in the 
class Zygospores ; in the latter, fertilization or impregna- 
tion, the fertilizing body being termed a spermatozoid, an- 
therosoid, sperm or male cell, the mass of protoplasm which 
has to be fertilized, an oosphere, germ, or female cell. The 
spermatozoids are formed in cells called anther'ulia, and 
when first emitted from these cells, are usually endowed 
with a power of locomotion ; the female reproductive bodies 
or oospheres are formed in cells termed oogonia. In many 
sections of Algae, especially in the fresh-water species, the 
mode of reproduction varies according to the generation 
(see page 225). 

The chlorophyll in Algie is frequently concealed by the 
presence of substances of a different colour. Fresh-water 
Algte are mostly green, and are found plentifully in any 
stagnant water. Marine Algse (for naming seaweeds, see 
Harvey's Algas of the Southern Ocean, 1847) are chiefly of 
a brown, red, or olive colour; they are sometimes very large, 
and occur in great masses, particularly Sargassam bacoi- 
ferum, which forms the celebrated masses of gulf-weed in 
the Atlantic Ocean. 

Characece, 

The OharaceEB are submerged fresh-water monoecious or 
dicecious plants, rooting in the ground and growing erect ; 
they have verbicillately branched stems, the internodes of 
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Tig. 22R. 




Chain fiaqihs (fitter Sachs). 

winch (m Ghara) consist cf a central or axile coll surrounded 
in a spiral manner by other cells (see i'ig. 228) which form 
a cortex 

The reproductive organs are of two 
kinds, — to the male organs the term 
globules is given, while the female 
organs are called nitcw Jes(sce Fig. 229). 
Globules and nucules stand ou each 
side of the loaves. Tho globules aw 
small globular bodies, the wall 4 of 
which consist of eight flat cells, which 
in the ripe state are of a rod colour ; 
in the interior are a number of cellular 
jointed filaments, from each joint of 
which is developed a ciliated spcrma- 
tozoid The nucule is an ovoid body, 
somewhat laiger than tho globule. It 
consists of an axial row of colls closely 
surrounded by five tubes, which aie coded round -it spirally 
(see Fig. 229) ; the whole is a metamorphosed shoot ; tho 




A nueiiZe in amcmceiMflii! 
Oliur.1 sinuiliiij; above the 
globule. 
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oospore is developed as the result of impregnation from the 
large apical cell of the inner axial row. 

There are only two genera, Cham and Niiella, In the 
Nitella each interaode consists of only a single eel], while 
in the stem of Ohara, there is a central or axial cell, sur- 
rounded in a spival manner by other cells. 

Chain v&iiicdlata, Boxb., grows in standing sweet 
water; it appears during the cold and hot seasons. The 
joints of the stem are somewhat prickly. Cham flacida, 
A. Braun, is very common in tanks and jheels in Bengal 
Nitella Rnxbuvc/hii, A. Braun (Jliang), is common in stag- 
nant water in Bengal; the stems are smooth, and of a soft 
flacid texture ; often several feet long. Nitella oUgospira, 
A. Braun, grows in thick masses. 

Floridcm 

Are marine Algas, mostly of a red or violet colour ; the 
green chlorophyll grains being concealed by a reel pigment, 
which can be extracted by cold fresh water. 

Their sexual reproduction differs greatly from that of 
most other Algae. The speraatozoids have no active 
motion, and are only moved about passively in the water, 
till they come iu contact with a hair-like cell, the trioho- 
gyne, which is a long, thin hair-like hyaline sac, serving as 
a receptive organ and springing from a structure which is 
called the trichophore; near which the result of the fertili- 
zation becomes apparent; in i Is simpler forms this structure 
shows considerable resemblance to that of the Coleochsetsa. 

The asexual organs of reproduction take the form of 
tetrasporas, which are not endowed with power of motion, 
and resemble in some respects the gemmae of the Hepatieas. 

The red seaweeds are abundant in warm latitudes, occur- 
ring in deep water below tide-marks. Most of the Indian 
species can be found in the neighbourhood of the Andamans. 

The abundant gelatinous substance of the thallus of 
many kinds, composed of a modification of cellulose, renders 
them nutritions. Plocaria Lenax, Nees, is largely used by 
the Chinese for making glue. In the genus Lawencia, 
Lainx., the colour of the thallus is bright red, occasionally 
varying to pink or purple ; the thallus is thickish, some- 
times round, sometimes flatlened. Laurenaitt pupUIomi. 
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Forsk. ; L. oblusa, Hudson ; L. flagelUfera,, Agh., are also 
common. 

The Olacdarias are slender gelatinous seaweeds; one 
species is used as an article of food in Ceylon. The genus 
ffyphea are slender plants. Several species of Oelidium 
are used by the swallows of the Malayan Archipelago and 
Cochin China for building their famous "edible nests." 

Other genera are : Chylocladiu, Ag. ; Porpliyra, Ag. ; Am- 
pkiroa, Ag. j Melobesia, Lamx. ; Grateloupify Wulf ; Polysi- 
phonia, Ag. ; ami Polocamium, Huds. Dictyota, Lamx.; 
Padina, Adam<; and Dictyoj)teris, Lamx., may also be placed 
under this order; they are olive-coloured seaweeds with a 
continuous thallus. 

Coleochcetce 

Are minute fresh-water Algro, consisting of branched rows 
of cells attached in standing or slowly running water to 
the submerged parts of other plants, and forming circular 
closely-attached or cushion-like discs. The name of the 
order (sheath-hair) is clue to the circumstance that certain 
cells of the thallus form hairs surrounded with sheaths. 
" The reproduction of the Coleocha3ta3 is brought about by 
asexual swarmspores and by resting oospores produced 
sexually." The antheridia are formed at the same- time 
as the oogonia in adjoining cells ; one anthorozoid bearing 
two cilia is funned in each antlieridiam. The oogonium is 
always the terminal cell of a branch ; the effect of fertiliza- 
tion is seen in the formation of the oospore. The oospore 
divides within the oogonium, and from the cells thus form- 
ed swarmspores escape, which grow into now individuals. 
Several species of Coleochaitte can bo procured in Bengal. 
Thoy are all microscopic. 

Fucaoece 

Aro large, brown or olive-coloured seaweeds of a cartila- 
ginous texture; they are found attached to rocks or other 
Algse by simple or lobed discoid bases. The thallus branches 
dichotomousiy ; the ramifications all lie in one- plane. 
The brown pigment can be extracted by cold fresh water, 
The tissue frequently becomes hollowed out into air- 
cavities which servo as swimming-bladders. 

The antheridia and oogonia are formed in spherical hoi- 
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Fig. 230. 



lows termed conccptacles. The oospheres are set free by 
the bursting of the oogonia, and are fertilized outside the 
plant by the antberozoids. Sometimes the antherozoid 
are present in the same conceptacles as the oospheres; 
sometimes they are borne on a separate plant. The anthe- 
rozoids a,re each provided with two fine cilia. 

The Fucacese arc universally distributed, especially on 
rocks between tide-marks or in deep water buoyed up by 
their vesicular floats. Their chief value if? as a source of 
iodine, which is extracted from the ashes. Sargctssium 
hacoiferum forms the celebrated " gulf- weed " in the Atlan- 
tic Ocean ; this species is also to he found in the Indian 
Ocean as well as 8. vulga'ra, Kg., and 8. illioifolium, 
Turner, &c. In the genus Asperococcus, the thallus is 
tuhular, and the clusters of spore-cases aie mixed with 
filaments. The genus Mesogloias has the thallus much 
divided and thread-shaped. Other genera are: Sphaoelaria, 
F'MUS, &c. 

(Edogoniece. 
The OEdogoniese include 
at present only the two ge- 
nera, (Edogonium and Bul- 
bocliuste. They are filamen- 
tous AlgEe, consisting, in 
OHdogonium, o f unbranch ed 
rows of cells ; in Bulbo- 
chseto, of branched rows. 
They are mostly attached 
to the submerged parts of 
other plants. 

The reproduction of the 
GGdogonieaa takes place by 
asexual swarmspores, and 
by oospores produced sex- 
ually. The oogonium is a 
cell of the filament itself. 
The mother-cells of the an- 
therozoids are cells of the 
filaments, similar to the 
vegetative ones, but shorter 
and contain less chloro- 




Eecnpo of a swormspoto of an OSdo- 
goiiiuvi. 
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phyll ; in most species, each of these cells divirlo into two 
special mother-cells, each producing one antherozoid. The 
antherozoids are very similar in form to the swanusporcs, 
but much smaller ; their motion due to cilia, is also similar. 
The sexual plants are either monoecious or dioecious. 

Alternation of generation takes place in tho following 
manner : the oospores formed by the fertilization of the 
oosphcre by the antherozoids, after remaining at rest for 
a considerable time, forms asexually usually four swarm- 
spores, from which again similar ones proceed until the 
series of them is closed by a sexual generation. (Erlo- 
gonium scuiatum is usually to be found in any stagnant 
fresh water. 

Siphonect) 

Are found in fresh and salt water ; they consist of a 
large single tubular, often branched, cell, The genus 
Vauchma is the best known representative of this order. 
The thahus of Vaucheria is often several inches or a foot 
long, developing on damp shady oarlh or in water. 

Besides the occasional multi- 
plication by the separation of 
branches, reproduction is also 
brought about by asexual spores 
and by sexually produced oos- 
pores. All the species of Vauche- 
ria are monoecious, and the two 
lands of sexual organs are most- 
ly found very near together. The 
anthcridia are hook-shaped cells 
(see Fig. 231). Tho oogonia aro 
spherical cells, formed close to tho 
antheridia in which the oos- 
phere originates by rejuvenescence. The process of vege- 
tation in the genus Botrydium approaches very near to 
Vaucheria. 

The marine genus Caulerpa forms from its single largo 
cell, creeping stem-like structures which grow afc their 
apex, with descending branched rhizoids and ascending 
leaf-like branches. 



Pig. 231. 




A porlion of a plant of Vau- 
cheria, showing an antU eridium 
and an oogonium, 
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Conjugates 

Are distinguished from all other Algae by their reproduc- 
tion by the process of conjugation (nee page 259). The 
cells of the Conjngafcss are distinguished by the most vari- 
ous configurations and the beautiful arrangements of the 
masses of chlorophyll. In Spirogynt, it occurs in parietal 
spiral bauds. See S. adnata, S. elongatct, S. subcequa, 
8. niUda, and 8. deciw.ina. In Zygnema it is arranged 
in radiate bodies, as in Z. insique. 

The Desmiclccc belong to this order; they occur in all 
quiet pools of pure water, at the bottom, or adhering to 
other plants. The principal genera are ; Closterium, 
Nitzsch; Cosmariwrn, MLenegh ; Desmklium, Agh., &c. 

The Diatomece are nearly allied to the Desmidece, but 
are readily distinguished from, these and other unicellular 
Algse by the possession of an epidermal covering of silex, 
which renders their form indestructable by the ordinary 
agents of decomposition; they arc all exceedingly minute; 
and many of tliern are cosmopolitan (see Synopsis of the 
British l)iatornace;B, Smith). 

Diatomes are found in enormous numbers at the bot- 
tom of salt and fresh water attached to the submerged 
parts of other plants. Besides the ordinary rotation of 
protoplasm in their interior, they exhibit a creeping 
motion. 

Some of the common Indian genera are : Cychtella, Grun ; 
Cosclnodiscus, Ehrb. ; Aohnanthes, Synedra, Ehrb. ; 
NiUschia, Bab.; Navicula, Bory ; and -Fleuimigma, Grun. 

VolvooineoB 

Are unicellular microscopic plants, winch during the 

whole of their vegetative period 

live socially in colonies or singly ; 

they are almost continually in 

motion, interrupted only by certain 

periods of repose, The motion, as 

is usually the case in swaraspores, 

. , .. r „ , , „ being caused by two cilia,. 
A family oi nindnnnn, tho ,,,, a , , ^ . , 

cilia projoiWahiu. the vnw, The social species are, however, 
awl iivmUu'Q by tiioir yiiira- distinguished from swannspores by 
™^**ZlS^. the ceils being surrounded, while in 
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motion, by a membrane of cellulose through which the cilia 
project free into the water. These curious and beautiful 
objects are found abundantly in old tanks. 

Protococous, a genus of unicellular Alga), but imperfectly 
known, is usually referred to tins family; these plants are 
found abundantly in the mud, "where rain water collects and 
in similar situations. They var3>- in colour from bright 
green to bright red. They multiply with groat rapidity 
by cell division. Protococous cohcerens is veiy common on 
walls of buildings exposed to the weather; hardly are the 
walls whitewashed, when they again turn black, being 
covered by this Protococcus. P, vulgaris is also a common 
species, 

Oyanophycecs 

Comprise a large number of minute organisms, including 
the sub-orders Osoillatorias, Nostocaeea), 
Chroococcacese, Rivularieas, and Scytone- 
me?e. The Oscillatovice (see Fig. 233) 
are microscopic filamentous structure, 
composed of continuous tubular sheaths 
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enclosing a green or 



brown gelatinous 



matter marked by transverse stria); the 
extremities of the filaments vibrate like a 
pendulum or with a slightly vermiform 
oscillation, whence the name of the group. 
Oscillaria amphibia may be frequently 
found forming slippery layers (of about 
one-eighth line thickness) on brick stops 
leading to tanks, &c„ also submerged or 
near the surface of the water. 
The Nostocacece are plants formed of thread-liko or monili- 



Free tliread- 
sliaped row? of 
colls of Oscilla- 
toria. 



Fig. 234. 




Wrinlcled mns<> of No$- 
iOC formed of thi ead- 
fliinped ceils enclosed in 
gelatinous sheaths. 



form rows of cells, usually simple, rarely 
branched. The filaments are enclosed 
in gelatinous sheaths, by the deliques- 
cence of which they are often united 
into large colonics which form cither 
roundish or membranous wrinkled 
masses [Nostoc, see Fig, 234], Nostoo 
gregariuvi, TJiuret, occurs commonly 
submerged in tanks. 
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The ChroocoecacecB are unicellular, ami agree with the Nos- 
tocaceas in their tendency to associate in .slimy masses, the 
difference lies in their cells not being united into filaments. 



FtTNGI. 



The Fungi form the second parallel division of Thallo- 
phytes (see abstract, page 257); their vegetative elements 
consist of cellular filaments, destitute of chlorophyll, which 
rarely branch diehotomously, more usually by lateral shoots, 
and which grow only at their apices ; these elementary 
constituents of Fungi are called hyphen. It is only in the 
Phycomycctes, a transitional group between Algae and 
Fungi, that the entire vegetative portion of the Fungus 
consists of a single undivided cell. 

The hyphaj either run parallel to one another, or their 
numerous ramifications are interwoven in •various ways. 

When those textures are very dense, they assume the 
form of a parenchymatous tissue, which is known as 
pseudoparenchyma ; this tissue is especially developed in 
the larger Fungi, and can be well seen by boiling a portion 
of the receptacle of Polyporus in very dilute nitric acid 
and examining a section of it under the microscope. 

The cell-walls of Fungi consist of a kind of cellulose ; 
and the cells contain a characteristic fatty oil, bub neither 
nucleus, chlorophyll or starch. Calcium oxalate is usually 
found on the surface of the hyphro of Fungi. The absence 
of starch is not immediately connected with the want of 
chlorophyll. Since phanerogamic parasites like cuscuta 
(see page 159) and orbanche (see page 164), although they 
form no chlorophyll, yet contain abundance of starch. 

Since Fungi do not form chlorophyll, they require for 
their nourishment the previous formation of an organic 
substance : many of them, therefore, arc saphrophybes 
growing on dead organic substances; others are parasitos, 
growing on living animals or plants; others again are 
endophytes, living in other organisms ; only a few are 
epiphytes, living upon them. Sitprophytes allied to the 
Sohizomycetes are the cause of the phenomena of fermen- 
tation, decay, and putrification, 
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The whole process of development of a Fungus may he, 

divided into 
two periods; 
First, from the 
spore a myceli- 
um is produced, 
which consists 
either of simple 
til am outs or 
loose flocculsnt 




A [untciii (Musln uom) : Uio mot-like fitmctiueis teimeil 
a mycelium , the stem mid cap foim tlie iu>exunl goiioiiiliun. 



expansions or 
compact tuber- 
ous masses 
(s c 1 c r o t i a) ; 
these last arc 
not peculiar to 
any particular 
group of Fungi; 
but occur in 
species of tho 
most different 
groups, like bulbs and tubers among Phanerogams. Second, 
from the mycelium arises the 'receptacle, on which the spores 
are developed. ; it is usually the moat conspicuous part of tho 
Fungus ; the receptacle varies greatly in its external form, 
and is usually produced above ground. Thus the whole 
of the mushroom developed above ground is a receptacle. 

The production of spores is almost always limited to a 
particular part of the receptacle, the hymenhum ; these 
hymenia never produce anything hut asexual reproductive 
cells, but the hymenium hearing body itself may be tho 
product of a sexual process. 

The mode of reproduction of Fungi is oven more various 
than that of Algte. Sachs states that " in those species the 
cycle of whose development is fully known, sexual and 
asexual reproduction occurs, or the latter is replaced by 
conjugation. In those cases whore neither sexual repro- 
duction nor conjugation has hitherto been observed, it 
may be assumed that our knowlodgo of the series of 
development is still incomplete, and that forms which aro 
at present considered independent aro really only mom- 
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bers of an alternation of generations (see page 255). lb is 
important to note that it has been already ascertained 
that in many Ascomycetes, the receptacles which bear the 
Ascospores are the result of a sexual process which takes 
place in connection with the mycelium, so that the my- 
celium forms the first or sexual, the receptacle the second 
or asexual generation. In the Phycomycetes, on the other 
hand, the product of the sexual process is a resting call, 
similar to what is found in many Algte, while the origin 
of the receptacle of the Ascomycetes corresponds essen- 
tially with that or the Floridem." 

The systematic grouping of Fungi is still in process of 
continued change and improvement. Wliolo sections of 
genera of the earlier systems arc now recognized as simple 
forms of development in the alternation of generations of 
other forms. For further particulars, see an Introduction 
to the study of Microscopic Fungi by M. G. Gookc, 1865 ; 
Handbook of British Fungi, Cooke, 1871; Sachs' Text- 
book, Bennet and Dyer's translation. 

Basidiomyceks. 

Although the largest and most beautiful Fungi belong 
to this order, yet their course of development is at present 
only very imperfectly known. 

The BcmdiomyceLes (Basidium, a branch of the hyphte 
on which the spores are developed, see Fig. 237) may be 
divided into the following three suborders: 1st Suborder 
TremeMvem are Fungi of a gelatinous consistency; they 
are found growing -on stumps of trees and on the ground; 
they collapse on drying ; if, however, they are afterwards 
placed in water, they soon absorb it, and become again 
extended to their former size. Tremellrt foliacea, Fr., is of 
a rich claret colour, and of an irregular shape. T, fei*ru- 
ginea, Sin., and 1\ protensa are also common. 

In the 2nd Suborder Hyvianomycates are included the 
commonest and best known of all Fungi (mushrooms). 
The structure, which is usually called the Fungus, is the 
receptacle (see Fig. 235). The hymenium (spore-bear- 
ing expansion of tissue) is spread over the under surface of 
the rocoptoclo on projections of various forms winch lie on 
the underside of the <pilaus or cap ; on the stalk is some- 
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times found a ring or annulus, which is all that remains 
of a veil or covering (velum parfciale) winch united that 
part of the stalk with the outer edge of the cap or pileus, 



Fig. 236. 



Fig. 237. 





Dinpjmm of an Agaricns ; from 
the mycelium arises Hie recep- 
tacle (oil) suppoitort on a stal\c. 
(Stip) (la) the laiuellro four), tli a 
remains of the ruptured veil. 



A portion of tlio hymoniuni of 
an Aganous, nliowiiifr (lias) Iia- 
siilift on which the spores nvo 
fornipd; the stoiile chih-ahapocl 
cells are termed i'aiaphyBOs, 



but was ruptured on the expansion of the latter, or some- 
times the pileus and stalk are both enveloped in such a mem- 
brane (velum universale) or occasionally both arcs present. 
The species of Agaricini (mushrooms) are usually terrestrial 
in habit. In the Polyporcl, the hymenium is .spread over 
the cavity of tubes or pores. The texture of these plants 
is, as a rule, more cartilaginous than that of the Agaricini. 
The genus Polyporus includes a large number of species. 
P. squamonus, Fries., is familiar to most persons, growing 
like irregular brackets of great extent and considerable 
bulk at the base of stems of various trees. P. versicolor 
is also a familiar species, smaller than the hist, but growing 
in great abundance, tier above tier, usually of an olive 
and yellow colour. The genus Bohlwa belongs to this 
group. 

In the Kydnacei, the hymenium is spread over teeth or 
spines, which arc soft, usually ol" the shape, of an awl, and. 
distinct at the base. Hydnum zonaiwm is a small fungus 
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of a reddish lilac hue, marked on the surface of the cap 
with darker zones ; the centre becoming depressed. The 
Merulius group includes the plant known as dry root M. 
Icusrymans, Fr. 

The 3rd Suborder Oasteromy oefes consists of fungi form- 
ing roundish angiocarpous receptacles consisting of an outer 
layer (peridium) enclosing masses of tissue on which are 
borne the hymenia. The Puffballs (Lycoperdon) are typi- 
cal of this order. Other genera arc : Olathrm, Exidia, 
Qeastav (earth stars), Bovista, &c. 

dEcidiomycetes. 

The best known species of this order is Puccinia 
Graminis, Pers. (corn-mildew) ; it occurs on the loaves and 
culms of cereals and grasses, and is very common, and 
injurious to the plant. Its development not only shows 
a distinct alternation of generation, but that peculiarity 
by which one generation of a parasitic fungus is devel- 
oped exclusively on one hosb, while another stage of 
development of the same species occurs only upon a differ- 
ent host. The term secidium (cluster cups) is used to 
designate a particular form of fruit, in the cycle of devel- 
opment of Puccinia. 

The secidia (rust) are always developed on living plants, 
most commonly on the foliage leaves, usually on the under 
surface ; leaves infected by these parasites present a singular 
appearance as if sprinkled with red dust. When examined 
closely small orifices are seen scattered over the under 
surface of the leaves ; these cups (escidia) appear to have 
burst through the epidermis of the leaves, and elevated 
themselves above its surface, with the lower portion attach- 
ed to the substratum beneath ; these cups are the fungi, the 
red dust the spores. The spores from these reeiclia ger- 
minate beneath the epidermis of the leaves and stems of 
grasses, and were at one time considered as a distinct genus 
of Fungi, under the name — uredo. 

The cycle of development is briefly this : from the resting 
spore a very minute mycelium (promyceliuin) is produced, 
and this usually divides into four cells, from each of which 
a minute cell (sporidiura) is developed. On finding their 
way to a host (leaves of Berberis, for example) these spori- 
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dia germinate and their mycelium permeates the tissue, 
eventually developing fructifications (jeeidia) on the under 
surface of the leaf and spermogonia on the upper surface. 
The spores which are formed on finding their way to a grass 
germinate, and form a mycelium in its tissue, and this 
produces two kinds of reproductive spores ; one kiud (the 
uredo spores) are 1 -celled and germinate at once ; the othor 
(teleuto spores) are moro than 1-celled and constitute the 
resting spores. To this order belongs Ufitilayo carbo, the 
smut of cereal grains. V. sagatuin, Dilin. (corn smut), 
occurs on the ears of cereals and grasses, and is very com- 
mon. 

Ascomycetes. 

Tho Ascomycetes comprise a greater number of forms 
than any other order of Fungi. Tho common character- 
istic by which they are connected is tho asexual forma- 
tion of the spores in the intorior of sacs (asci) by free 
cell formation. An alternation of generation has been 
clearly recognized, in so far as tho receptacles in which 
the ascospores are produced, owe thoir origin to sexual 
union, which takes place on tho mycelium. Those fungi 
grow chiefly on the dead parts, or remains of plants, on 
living plants, or organic solutions. 

The Ascomycetes may bo divided into five suborders — 
Tuberacece, Pyranomyceies, Dlscomyoetas, Erynpketv, and 
Liclienes. 

The Tiiberaceai are fungi consisting of roundish tuberous 
bodies, usually found growing underground, and often sur- 
rounded by a branched mycelium ; they may at first .sight 
be easily confounded with the Gasteromycetes. Tho trullle 
(tuber) belongs to this order. 

The Suborder PyvcnomyceUs consists of fungi growing 
usually on doad organic bodies, and on living plants, 
and forming round or flask-shaped receptacle's termed 
perithecia, which usually produce eight spores formed 
simultaneously. The povithocia usually open outwards 
by a small orifice, tho internal cavity of which is lined 
by the soft hymenium. When the ascospores germi- 
nate, they produce a mycelium on which aro formed : 
Ist.conidla; then 2nd, spermatid,, enclosed in spermogonia ; 
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and Srd, stylosporen, formed in the interior of- pyenidia. Any 
of the members of these scries may, however, be wanting, 
except the porithecia. The fungus Claviceps purpurea, 
which produces ergot, belongs to this suborder. Its devel- 
opment and structure is very complicated. Other genera 
are : Spliceria, Berk., which has the appearance of stains 
or dots or every shade of brown : Xylarm, Hill .- X. hypoxi- 
lon, 'Ehvb., is common everywhere; it has a charred 
appearance ; the thallug is sometimes simple, sometimes 
branched : X. polymorpha, Pers., is club-shaped ; it is black 
and hoavy, and looks like charred fragments of wood on 
the decaying stump on which 1L is usually found. 

The Discomycales live on dead organic bodies ; they are 
distinguished from the Pyrenomycetcs mainly by the hyme- 
luum being superficial. This suborder includes Peziza, 
enormously rich in species; they are beautiful fungi of a 
cup-shaped form ; the hymenium is spread over the inside of 
the cup. P. aurantia, Pers., is of a pale orange colour on the 
outside ; the plants grow in clusters : Geoglossum glubrwm, 
Pers., is a black tongue -shaped fungus. Other genera are : 
Fhacidium, Fr. ; JPhytisrna, Berk.; and Bulgaria, Fr, 

The Suboidei'jBVj/sip/icoe (mildews) consist of fungi grow- 
ing on the surface of living plants and dead organic 
bodies ; they are especially abundant on preserved fruit. 
These fungi are sometimes included under the Suborder 
Pyrenomycetcs. 

The suborder Lichenes are the best known Ascomycetes, 
and until very recently they were thonght to occupy a posi- 
tion in the vegetable kingdom, equal in importance to that 
held by the Fungi and Algre ; but the researches of some 
distinguished botanists show that they are Ascomycetes 
belonging to the suborders Pyrenomycetes and the Dis- 
comycotes, parasitic, or consorted with Algfo of the Ghroo- 
coccacoffi, No.stocacere, Palmellacea), etc. ; this mutual para- 
siticism, if it may be so termed, appears to be beneficial to 
both organisms. 

The green parts (gonidia) of Lichens contaiu chlorophyll, 
and are algoid bodies. From these Algte the hyphas of the 
fungal parasite extract nourishment for their own use. This 
theory has been confirmed by the production of a perfect 
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lichen, Oollema glaucescns, by sowing its spores on the 
Alga Nostoc lichenoides ; of the two components, the fun- 
gus is the superior, both in. bulk and nature, and it is for 
this reason that the lichens are classed as Ascomycetes. 

The spores of Lichens are produced in asci, which are 
formed in superficial cup-shaped receptacles, termed apo- 
thccia in the Discomycetes ; perithelia in the Pyrenoinycetes. 
Lichens arc likewise reproduced by soredia (clusters of 
gonidia), which surrounded by a weft of hyphae becomes 
detached from the thallus and grow into new thalli. 

The Algfe hosts (gonidia) belong to the orders Cliroo- 
eoccaceaj, Nostocacece, and Pulmcllacose, &c. The fungi 
themselves have not been found in any other form than 
as parasites or Algfe. 

The greater number of lichens are found as incrustations 
on damp ground, on the bark of trees, and on stones. The 
thallus of lichens can be dried, so as to be pulverized, 
without losing its vitality. The following abstract shows 
at a glance one of the latest classifications of lichens : 

/ I'ltUTICOHE— 



IlETEnOMEHOUS— 

(Gonidia arranged in one 
layer. 



(.Thallus attached only /it 

ono sput, and rising 

from it ia the form of a 

shrub. Ex. : Tlsnoa.) ' 

l, 

FOUACEOUS— ■' 

('i'hallus in tho form of 
flako-liko expansions 
often curled, wliiuli nan 
freunontly he doLaolicid 
from tho substratum.) 

LICHENS .. , CnnsTAauoTrs— 

(Thallus in tho form of 
incrustations. Ex. ; Orii. 
\ pliia.) 

HOMoOMEROUH- [OKLATINOUS- 

(Gonidia and h 7V hec ahout ] ' jX - : CoUtm »' l f'Optogmw, 

x equally minified.) >, ,?' 

*_ ' >=^j (. Non-U elatjnoxth. 

The disposition of the gonidia and hyphaj in a thallus 
may be such that those two structures appear about 
.equally mingled ; the thallus is in Lhis " ease called 
homoomerous, or the gonidia are arranged in one layer, the 
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Fig. 238. 




hyphse being then separated into an upper and an. under 

layer ; such lichens are termed heterom&rous, 

Heteroinerous lichens may be divided into fruticosc, 

foliaceous, and 
crustaceo us. 
Homoomerous 
lichens may be 
divider! into 
gelatinous and 
non-gelatinous. 
In the fruti- 
eose lichen s, 

Vertical section through the middle of a young apo- ^" e co1 "^ COI fr - 
theciuin of Lecanova (after Thome), ' moilly Consti- 

tutes a layer of uniform thickness round the thallus. The 
genus Cladonia is usually found growing on the ground. 
Uladonia /areata, Hoffu., has a brownish hue, and its 
branches are .simple or only once forked. 0. mngiferina, the 
reindeer lichen, is of a whitish colour; the form reacmhlea 
that of a miniature tree, with round, sessile receptacles; it 
can endure almost any amount of heat and cold; ib often 
grows to the height of 8 or 10 inches. In the genus Stereo- 
caulon, the apothecise are flat. The genus Usnea is a very 
attractive one ; the sections of the thallus are round, branched, 
and drooping. The long pendant XJsneaa are very character-' 
iatie of the upper forests above Darjiling. Usnea bwbatw,~$v., 
or the hairy Usnea, is jointed, very slender and long, and 
hangs like bun ch es of hair from the trees. A lectoria jubata, 
Ach.jis usually found growing on the branches of coniferous 
trees, at high elevations in the Himalayas ; the sections of the 
thallus are branched and are of a dark-brown colour. The 
genus Bamalina grow on decaying branches ; and resemble 
diminutive shrubs. The most important species of the 
genus C&fraria is 0. i&Umdiaa, Acli., one of the nutritive 
lichens; it grows in upright olive-brown tufts; the thallus 
is paler on the underside than on the upper, and with a 
fringe of dark hairs ; it grows most luxuriantly and plenti- 
fully in high latitudes. G. straofieyi, Bab., and 0, reticulata, 
Kiplh., arc also to be found in the Himalayas. The genus 
Moecella, from which litmus is obtained, belongs to this 
group. 

19 
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In the foliacecras lichens, the cortex is usually different 
on the upper surface, which is exposed to the light, from 
the under surface, which is shaded by the thallus. _ The 
genus Solerina contains but two species ; its characteristics 
are the orbicular apothecite and woolly veins. £. crocea, 
Ach., is of a yellowish green colour ; the sunken apothecias 
are chestnut-coloured; it grows on ground, on the top of 
mountains. The genus Sticta, has depressed dots on the 
under surface of the thallus, which is large, lohed downy 
r.g. 239. h e n e a th and 

free from the 
su b s t r a t u m 
except at the 
base. S. pul~ 
monacea, Ach., 
is one of the 
handsomest of 
th e lichens ; tho 
colour varies 
from a light- 
green to an 
olive-brown, 
The genus Par- 
melia contains 
some handsome 
and showy spe- 
cies. P. caperata is a handsome lichen, pale-yellow above, 
dark-brown and hairy beneath. P. perlata is of a silver- 
gray colour. P. saxatilis is of a darkish-brown colour, 
lighter towards the margin. The genus Lecanora contains 
a large number of species. Fiom L. tartarea, tho purple 
die called cud-bear is obtained. L. esoulenta, of Tartary, 
presents the strange anomaly of a free lichen, unattached to 
wood, stone, or earth, and drawing its entire nourishment 
from tho air The genus Peltigeva also belongs to this group. 
The thallus of the eiustaceous lichens presents an ailiuity 
to that of the latter group in being lixecl to the substratum 
by capillary or bristle-like rhizoids, so that it Cannot bo 
removed without injuiy. The genus Leoidea comprises a 
large number of species; the thallus is somewhat leafy 
and the apothecia are salvei -shaped ; the substance of tho 




A lichen (Pnrmella) with a poitwn of the baric of the 
tieefrom -which it \v»q taken; ui the hollow oup-lilte 
s cinctures aie formed the spoiea. 
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tli alius radiates in a regular form round the margin. L. 
lutea is of a pale-yellow colour; the apothecia being of 
a darker shade. In the genus Arthonia, the crust is thin 
and spreading and the apothecia round and sessile. These 
lichens form greyish stains dotted with tiny specks of 
brown or black upon trees. ther genera are : Verrucara 
(the wartlichens), Bceomyces, Pertusaria, &e. The Pictorial 
lichens form thin patch-like incrustations on stones, and on 
tho bark of trees ; the chief peculiarity of thoir thallus con- 
sists in the nature of the gonidia, which are often united 
into rows of cells, increasing in length by the division of 
the terminal cell. There are two genera — Opegrapha, Pers., 
and Graphis. Graphis soripta, Ach , is to be found every- 
where growing on the stems of trees (see Fig. 240). 
The '"thallus of the gelatinous lichens has a leaf-like or 
arborescent form, or consists of gra- 
°' ' nules, "which constitute an incrusta- 

tion. When dry, ib is cartilaginous 
or brittle, and then absorbs water 
eagerly, swelling up into a gelatinous 
body; the gonidia lie in an apparently 
homogeneous jelly-like tissue. Oollema 
is a typical form of these lichens. 
The genus Zeptogiiom is also charac- 
teristic of tins group. (For deter- 
mination of genera and species of 
lichens, see Loighton's Lichen Flora, 
Graphis wipia. 1872; also see list of authors cited, 

page 574, Introduction to Ciyptogamic Botany by Berkeley, 
1857.) 

Phy corny cetes. 

The Phycomycetes may be divided into two suborders — 
the Saproleginese and the Pcronosporete, The Sap- 
roleginese are fungi growing for the most part in water 
and chiefly on the bodies of putrefying insects, covering 
them completely with radiating colls ; the contents of the 
oogonia are fertilized by the anthoridia, which grow out 
in the form of tubes and pierce tho oogonium to fertilize the 
germ-cell. The oospores, in germinating, produce a myce- 
lium, which bear first asexual zoosporangia, and later the 
sexual organs ; from the zoosporangia are produced zoo- 
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spores or swarmspores, •which germinate and form a myce- 
lium, from which arise again zoosporangia, and later the 
sexual organs ; the sexual individuals are sometimes monoe- 
cious, sometimes dioecious. 

The PeronosporetB are fungi parasitic on living Phanero- 
gams, inducing in them speedy decay ; they have a strong 
resemblance to the preceding suborder : the mycelium, which 
ramifies within the host plant, first bears the conidia 
(asexual reproductive organs) on branches, which in Pero- 
nospora protrude from the stomata of the plant on 
which they grow ; in the genus Gystopus they are club- 
shaped, and form a hymenium beneath the epidermis : in 
some species the spores are not immediately capable of ger- 
mination except when in contact with water, as for instance, 
drops of dew or rain ; they then develop zoospores. Pero* 
nospora infestav.fi is the cause of the potato disease, and 
P. arborescens is the cause of the poppy disease in India. 
Zygomycetes. 
The Zygomycetes are represented by the mucorini, winch 
arc fungi, growing on organic solutions, and consist of 
a densely branching mycelium, which bears both sexual 
organs and asexual sporangia; the root-like branches after- 
wards become multicellular by the formation of septa. 
Mucor mucedo (see Fig. 241) infests dead or dying parts 
of plants, especially fleshy fruits, which 
quickly decay in consequence of its 
attacks ; each of the ascending branches 
bears a sporangium within which 
numerous: small spores arise ; which are 
set free by the bursting of tho wall of 
the sporangium ; the zygospores (see page 
259) are formed beneath the while 
felt-like texture of the mycelium fila- 
ments. PenicilUum glauoum com- 
monly appears on articles of food that 
have been kept for a £ew days, It pre- 
sents, when examined under the micros- 
cope, the appearance of a miniature tree ; 
the stem is simple, but bears at its 
summit a number of branches, rcsem- 



Fig. 241. 
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M yxomycetos. 

The Myxomycetea include a numerous group of orga- 
nisms, which in many respects differ widely from all other 
vegetable structures, but in the mode of formation of their 
.spores, stand nearest to Fungi. Their cells are without a 
cell -wall during the whole period of their vegetation and 
assimilation of food, and do not combine into a tissue ; they 
live on decaying and rotting vegetable substance, such as 
tan, rotten stems, &c. When they reach the reproductive 
condition, the whole of the protoplasm becomes trans- 
formed into sporangia, or large receptacles. These sporan- 
gia are provided with a coil-wall, which varies in colour 
according to the species. The sporangia are filled with 
numerous spores, usually accompanied with thin wall 
tubes, opening one into the other ; when the sporangium 
ruptures, the expulsion of the spores is assisted by these 
tubes (capillitium). 

When a spore is saturated with water, it opens, and the 
whole of its protoplasmic contents escape as a roundish 
nalced mass ; but after some minutes, it assumes another 
form, becomes long and pointed at one end, where it is 
provided with long cilia; it is endowed either with a 
rotary motion, or creeps along, changing its form like an 
amseba (animal organism); these swarmspores multiply 
by division, but on the secmd or third day they cease 
dividing, and unite, two or more of them coalescing into a 
homogeneous protoplasmic substance, the plimnodium, 
also endowed with an amseba like motion. The plasmodia 
pass into a resting state, and becomes encysted, when the 
weather is dry, and can remaiu in this condition for 
months without losing their power of life. When the 
weather is moist and warm, the plasmodium again creeps 
out of these cysts, 

Avayria fwnlcaa, Pers., grows in abundance on dead 
wood ; the spores are of a bright r-ed colour. Other com- 
mon Myxotnycetes are: Lycogala epidendron^v.; lleti- 
eularia entozaniha, Berk. ; and Cyathus Iloorkeri, &c. 
Saccharomyces. 

The Saccharomyces are the yeast fungi, which cause tba 
alcoholic fermentation of the saccharine juices of plants, 
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or of artificial solutions which contain sugar in addition 
to nitrogenous substances. These fungi consist of small 
roundish or ellipsoidal cells, which multiply by budding 
for an indefinite time, giving off bubbles of carbonic 
dioxide ; the yeast plant also multiplies by endoginous 
segmentation of the cells; the protoplasm dividing into 
four subdivisions, around each of "which a new cell-wall is 
formed; each individual is an ordinary vegetable cell, 
usually containing a vacuole, but no nucleus ; the cells are 
either solitary, or associated in heaps or strings ;' their walls 
are formed of a modification of cellulose (the substance of 
which all vegetable cell membranes are formed), and mixed 
with which are minute quantities of sulphur, phosphorus, 
potassium, magnesium, and calcium. 

Within the cells exist nitrogenous matter, in the condi- 
tion of protoplasm, fatty matter, and water ; the properties 
which determine these objects to be plants, are their power 
of forming protein, cellulose, and fat, out of a nutrient 
fluid of definite chemical composition, such as Pasteur's 
solution, which contains potassium phosphate, 2 parts ; 
calcium phosphate, 2 parts ; magnesium sulphate, 2 parts ; 
ammonium tartrate, 100 parts ; cane-sugar, 1,500 parts; and 
water, 8,394 parts. 

Saccharomyces eei'evisise can be easily seen by adding 
a small quantity of the juice (Taree) ot'Phcenix sylvestria 
(Khajoor) to a saccharine solution, letting the solution 
stand for about twenty-four hours, and then examining 
it with a one-eighth object glass. 

Bchizomycetes. 
The Schizomycetes are the lowest forms of vegetable life 
known; they are usually present in great abundance 
whenever putrefying organic matter is found. All these 
organisms are characterized by the ease with which they 
break up into their separate cells, as soon as they come 
into contact with the atmosphere, from which circumstance 
they have received their name. They include the forms 
known as Bacteria, Vibriones, Spirilla, Bacillus, &c. ; these 
organisms are placed among Fungi, as they show an ana- 
logy to them in their mode of life, since they obtain their 
nutriment from organic substances. Mr. D. D. Cunningham, 
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who lias devoted considerable time to the study of these 
organisms, lias forwarded to me the following note on 
Schizomycete forms common in the neighbourhood of 
Calcutta : — 

" In regard to Sehizomycete forms common in this 
neighbourhood, any number of form species of Bacterium, 
Basillus, and Spirochete are to be obtained in all sorts of 
media. Various Bacterial and Basillar forms constitute a 
great mass of the contents of the lower portions of the 
intestinal tract in man and other animals, and as they arc 
constantly liable to obtain access to the intrinsic nutritive 
fluids of the body, may often be detected in small numbers 
in these, quite apart from the existence of any morbid 
conditions in the host, but ready at once to undergo farther 
development and multiplication if, under any circum- 
stances, conditions arise favouring them as compared with 
the intrinsic living units of the organism in the struggle 
for existence." 



DIRECTIONS FOR COLLECTING BOTANICAL 
SPECIMENS, 



"Specimens should, if possible, be gathered in fine 
weather, and free from external moisture. In selecting 
them, care should be taken to have the plants in a perfect 
state of growth, with all the parts from which characters 
are taken. The entire plant, with roots, stems, loaves, and 
flowers, when practicable, should bo preserved; and the 
roots should be washed before being put into the box of 
the collector. In the case of very large herbaceous plants* 
or shrubs or trees, portions oidy can be taken. These 
should always be carefully selected so as to exhibit the 
characteristic organs. In tho case of tall and slender Gra- 
minere and Cyperacese, the specimens may bo folded once 
or twice backwards and forwards, and thus suited to the 
size of the paper used in forming the herbarium ; and the 
folds may be secured during drying by being pushed into 
slits in small strips of paper. Ferns and many other tall 
plants may be preserved entire in the same way. A thick 
branch or stem should be split, so as to allow of pressure 
being applied ; and very thick roots, as well as bulbs and 
corms, may be similarly treated." — Half oar. 

One of the best and most interesting methods of im- 
pressing the characters of plants on the memory is to care- 
fully botanize a selected route, then to make dissections of 
the different parts of the plants found, dry thorn separately, 
and afterwards glue them on paper in their proper order. 

The plants found during a four hours' excursion of this 
kind on the 24th October 1880 between tho Nailiati rail- 
way station on the Eastern Bengal Railway and tho vil- 
lage of Bhatparah, a distance of about lour miles, aro here 
given as an example (tho names of all the plants found 
are given below, whether in flower at tho time or not). 
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Microscopic and other plants nob readily diagnosed should 
lie preserved for further examination : — 

jRanuncidacece. 
Naravelia zeylaniea, D. 0. (Ohhagal bati). 

AnonacecB. 
Anona squamosa, L. (Atd,) ; Anona reticulata, L. (Nona). 

Menispewiaoece. 
Tinoapora cordifolia, Miers (Gulancha). 

Nymphcmcece. 
Nymphsea lotus, L. 

Bixacece. 

Bixa orellana, L. (Latkan). 

Cruciferce. 

Sinapis dichotoma, Roxb. (Sursha). 

Ca/ppandacem. 

Gynandropsis penfcaphylla, D. 0. (Hurhuriya). Capparis 
horrida, L. 

Moringacew. 

Moringa pterygospemia, D. 0. (Sajina), 

Malvacew. 

Si da lmmilis, Willd; Sida rhombifolia, L. (Barjala) ; 
Bombax roalabaricum, I). 0. (Sliimul) ; Hibiscus vitifolius, 
L. (Biinktlpas) ; Hibiscus esculentus, L. (Dhenrus). 

AurantiacecB. 

Limonia penbaplvylla, Retz (Ash-shoura) ; Citrus acida, 
Roxb. (Nebu.); iEgle Mannelos, Corr, (Bel); Citrus decu- 
maua, L, (Bafcavi-nebuJ ; JMurraya exotica, L. (Kamini). 

Mcliacem. 

Azadiracbta indica, Ad. Juss. (Nun) ; Codrola tooua, 
Roxb, (Tun). . 



288 A TEXT-BOOK OF INDIAN EOTANT. 

Oxalidacece. 
Oxalis corniculata, L. (Amrul), 

VUacece. 

Vitis pallida, W. and A. (Goaliya kla) ; Vitis glaaca, 
W. and A. (Gargoaliya) ; Lcea criapa, L. (Ban chalita). 

Rhamnacece. 

Zizyphus Jujuba, Lam. (Byar) ; Zizyphus oenoplia, Mill 
(Shyakul). 

Anacardiacem. 

Odina wodier, Koxb. (Jiol) ; Mangifera indiea, L. (Am) ; 
Spondias amara, Buch. (Amra). " 

Sapindacece. 

Nephelium Litchi, L ; Cardiospermum. halicacabum, L. 
(Shibjkul). 

Grassulacecn. 

Bryophyllum ealycinum, Salisb. 

Leguminosco. 
Suborder Papilionacose. 

Tamarindus indiea, L (Tmfcuri) ; Doliclios lablab, L. 
(Shim); Doliclios sinensis, L. (Barbali); Cajanns indicus, 
Spreng. (Arar) ; Olitoria ternaLea, L. (Nil-aparajita) ; Plia- 
seolns nvungo, L. (Hali mug) ; Erytlirina. indiea, Jjalnk. 
(Palita mandar), 

Suborder Csesalpimcra. 

Poinciana pulcherrimn, L. (Krishna clmra) ; Csesalpinia 
Bonducella, Flem. (NaM); Cassia Sopliora, L. (Kal kasunda); 
Cassia fistula, L. (Sondalu) ; Cassia alata, L, (Biida mardan); 
Bauhinia variegata, L. (Eakt kanchan). 

Suborder Mimosepe. 

Aciacia tomentosa, Willd. (Salsuin babala) : Acacia Sirissa, 
Buck. (Sirish). 
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Myrtacece. 

Eugenia Jambolana, L. (Kala j£m) ; Psidium Guyava, L. 

(Peyara). 

Combretacece. 

Terminalia Catappa, L. (Bdtl&m). 

Cucuvbitacece. 

Momordica charanfcia, L. (Karala) ; Luffa pentanrira, 
Roxb. (Dhundul) ; Lagenaria vulgaris, Ser. (Lao) ; Triclio- 
santhes cucumerina, L. (Banpatol) ; Benhieasa cerifeva, Savi 
(Kumra) ; Coccinia grandis, W. and A, (Tela kuoha). 

Papayacew. 

Cavica Papaya, L. (Pepiya). 

Oactacece. 

Opuntia Dillenii, Haw. (Nagpheua) ; Cereus hexagonus, 
Haw. 

Umbelliferce, 

Hydrocofcyle asiatica, L. (Thai kuri). 

Rubiacece. 

Nauclea Cadamba, Roxb. (Kadam); Pavetta indiea, L. 
(Kukur clmra). 

Composite^, 

Vernonia einevea, Less. (Chhota koksim); Blumea lacera, 
D. C. (Bai-a koksim). 

Plumbaglnece. 

Plumbago zeylanica, L. (Ohifcta). 

Ebenacem. 

Diospyros etobryopfceris, Pevs. (Gab). 

Asclepiadece. 

Calotropis gigantea, R. Br. (Aktinda) ; DfBmia extensa, 
R. Br. (Chwigal banti) ; Hemidesmus indicus, R. Br. (Ananfcu- 
mul), 
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A'fiocynaccm, 

Vail avis dichotomy Wall. (Haparmali) ; Thevetia noroi- 
folia, Juss. (Kalilca). 

Jasmine®. 

Nyctanfches arbor trislis, L. (Sinali). 

Boraginacm. 
Heliotropum indicum, L. (Ha'fcsura). 

Convolvulacew. 

Tpomoea sepiaria, Koen; Iponioea ronifonnis, G'hois. 
(Bhuiu kamri). 

Solanaceai. 

Solarium ferox, L. (Ram begun) ; Datura alba, N. E, 
(DlmturA); Capsicum frutescens, L. (Lal-langka-maricli) ; 
fcJolaimm verbascifolium, L. (Aras). 

Verbenacece. 

Clerodendron siphon anfclius, R. Br. (Biiman-hafci) ; TVfcona 
gramlis, L. (Segun) ; Vitex Begun do, L. (Niubmda); (Jloro- 
dendvon. infortunatum, L. (Bbaut). 

Labiatco. 

Ooimum aanctum, L. (Tulsi) ; Leonotis Sibirica ; Lcucas 
linifolia, Spreiig. (Halkasa). 

Acanthacecv. 
Barleria dicbotoma, Roxb. (Stidiijafci); Juatieia procum- 
bens,L.; Justicia Adbaio(1a,L, (Balcas); Acanthus iliciibliuH, 
L. (Hakuck-kaufca) ; Ruellia ringens, Roxb. (Burigopikut). 

Scrophuliirinew. 
Liudonborgia ruderalis, L. (Haldi basunta). 

Uasuurinero, 
Casuariua equisetifclia, Forsfc. (Juu). 

Eapharbiaceas. 

Richms communis, L. (Bberanda) ; Petlilatitlios titliy- 
maloides, Povi (Rang-cliilra) ; lUcinus dicoeeus, Roxb. ; 
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Tragia involucrata, L. (Bichbati) ; Euphorbia antiquorum, 
L. (Tek;ifca-sij); Euphorbia ligularia, Eoxb. (Mansiisij) ; 
Jatropha multitida, L. (Groton, sp.) ; Trewia nudifloiu, 
Spreiig. (Pi tall). 

Ulmacew. 

Celfcis orientalis, L. (Jibun). 

Urticacece. 

Ficus Carica, L. (Dumiir); Ficu.s religiosa, L. (Ashwath); 
Artocavpus infcegrifolia, L. (Kantai); Ui'tiua iuterrupta, L. 
(Lai bicliliati). 

Nyctac/inacer; 
Boerhaavia erecta, L. (Puma). / 

Cltenopodiacece. 

Basella alba, L. (Puin) ; Basella cordifolia, Lam. (Puin 
sliak). 

AmaruntacecB. 

Amaranfcus spinosus, L. (Kiinta nati) ; Aiaarantus gatige- 
ticua, L. (Denga); Deeringia indica, Spreng. (Gbolrnohani) ; 
Acbyranthes aspera, L. (Apaug) ; Alternantliera scssilis, R. 
Bi\ (Shauchi). 

Polygonacece. 

Polygonum lanigerum, R. Br. (Pani-marich), 

Hydrooharidew. 

Vallisnei'ia spiralis, L. (Jhangi) ; Hydrjlla verticillata, 
Casp. 

SciiaminecB. 
Musa sapientum, L. (Kald) j Curcuma longa, L. (Haldi). 

1 Dioscoridm. 

Dioscorea anguina, Roxb. (Kukur-alu) ; Dioscovca globosa, 
Roxb. (Gbupri-alu). 

Smilacece. 

Smilax ovalifulia, Roxb. (Kumaiika). 
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Oommelinacece. 

Oommelina bengalensis, Kth. (Katichara) ; Commelina 
communis, Kth. (Jata kaucliara). 

Palmece. 

Phcenix sylvestris, Roxb, (Khajur); Areca gatechu, L, 
(Supari) ; Cogos imcifera, L. (Nari-kol) ; Borassus flabolli- 
formis, L. (Tal gachh). 

AroidecB. 

Golocasia antiquorum, Sehotfc. (Kacliu) ; Amorphophallus 
campanulatus, Bl. (01); Colocasia indica, Sehotfc. (Man- 
kachu); Typlionium Eoxburghii, Schott. (Gliet-kacliu). 

Pistica. 

Pistia stratiotes, L. (Takapana) ; Lemria polyrrhiza, L. 

Cyperacects. 

Cyperus rotundua, L. (Mufclia); Scirpus planLajmious, 
N. E. (Cheiichka). ° 

Qramineai. 

Panicum hirsutum, Kon. (JalgiinLi) ; Panicum, up.; Saecha- 
rum officinarum, L. (Uk); Andropogou aciculavis, Unix, 
(Chor Icaafca,) ; Imperafca arimdinacea, Cyrill(UIu); Oyno- 
don Dactylon, Rich, (Durba) ; Bambusa arandinacca, Ketii. 
(Baush). 

Polypodies. 

PtBi'is longifolia, L. ; Adiantum Umatum, L. ; Adianfcuin 
cordatum, L. ; Nepkrodium mollo, Desv. 

Bryacecu. 

Hypnum bryoides, L. ; Torfcula indica, Hook, 

Juncfermcmnieco. 
Jungerinannia, sp, 

Marchaniip.ai. 
Marehantia polymorphs, L. 
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Characece. 
Chara verticillata, Roxb. 

Conjugates. 
Spirogyra elongata. 
Navicula calcutteusis, Grun ; Cyclotella striata, Grim. 

Volvocineai. 
Protococcus vxrlgaris ; Volvox, sp. 

Oscillator [ace. 

Oscillatoi'ia brevis. 

Basicliomycctes. 

Polyporus versicolor, Zipp ; Polyporus squamosum, Fries ; 
Agaricus stillaticius, Berk, ; Agaricus rubisetinctns, Berk., 
Agavicus semiglobatus, Batcb. 

Ascomycetes. 

Suborder Licbenes. 

Grapbis scripta, Ach.; Pertusaria communis, D. 0. ; Par- 
raelia perlata, Acb. ; Bgeomyces iemariopbyllus, L, j Arfchonia 
subvelata, Nyl. ; Lecidea lutea, Dicks. 
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Aeliene, 60. 
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-Acrepueut, 43. 
Acuminate, 26. 
Adhesion, 37. 
Adnato, 22,48, 
Adventitious bud, 15. 
Adventitious root, 4. 
JErinl roots, 6. 
iEstivation, 16. 
Algas, 260. 
AlismnceiB, 212. 
Alternation of "enerations, 225. 
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Amentales, 85. 
Ampliitropons, 55, 
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Annti'opoiis, 50. 
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Andvcecuw, The, 48. 
Andropbore, 36. 
Angiospeimia, 80g. 
Angular divergence, 20, 
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Anthev, 48. 
Aiitheroci'otese, 254. 
Antkeridia, 227. 
Antberozoid, 226. 
Apex of leaf, 26, 
Apocarpous, 53. 
Apoeynacese, 150, 
ApopetaltE, 80^. 
Apopliyllous, 47. 
Aposepalous, 42, 
Aquatic roots, 6, 
Ariillncece, 141. 
Archegonium, 22G, 
Arillcide, 09. 
Ai'iUns, 69. 
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Aroidete, 208. 
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(abstract of), 17. 
Ai'tocarpncese, 173. 
Aaarales, 84. 
Aaoidiomyuetes, 275. 
Aselepiadaceaj, 152. 
Ascomycetes, 276. 
Asparagus, 5. 
Asterules, 80u. 
Aurai>tiueea3, 113. 
Axes, 2. 
Axillary bud, 15, 

Baiidiomyeetes, 273. 

Begoniaeeas, 136. 

Berberidaoeae, 92. 

Berry, GO. 

Buta vulgaris, 5, 

Biguoniat-eiB, 165. 

Bixaccio, 99. 

Btade,_ 45. 

Boragitiauese, 159. 

ButanieaJ specimens (directions for 

collecting) 285. 
Brads, 19. 
Brandling, 14, 
BrouicliaueiG, 199. 
Bryaceai, 251. 
Bud, 15. 
Bud scales, 19, 
Bulbils, 16. 
Bulbs, 8. 

Oautacete, 139. 
Caducous, 42, 
Ctosnlpiueee, 123. 
Calyci florae, SOr. 
Calyciiloral, 37. 
(Jalyptra, 245. 
Calyx, 41. 
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Cambium, 80*. 

Giuupnnnlales, SOza. 

Campanuliite, 45. 

Cainpylotropous, 55. 

Caumdjitiaceas, 175. 

Capitulum, 38. 

CuppuricUiucffi, 98. 

Capsule. 58. 

Carcerulus, 60. 

Carina, 45. 

Carpophore, 36. 

Carposporeae, 207. 

Caryopliyllaoea;, 101. 

Caryophyllales, 80«. 

Gai'yopsis, BO. 

Ca&uuriiiacese, 3 72. 

Catkin, 38. 

Caudex, 9. 

Ciuidiele, 51. 

Caulume, 2. 

Celastrales, 80^, 

CImlaza, 55. 

Chnraeefc, 263. 

Cbenopodinewe, 180, 

Obenopudiales, SC. 

Cicatrix, 21. 

Ciruinimte, 17. 

Cladodes, 9. 
Ckw, 45. 

Climbing Stems, 11. 
Cocci, 60. 
Cohesion, 37. 
OoleouhusBtse, 2G6. 
Columella. 248. 
Coinbretiu'caj, 13-1. 
Commeliiiaceie. 204. 
CoirvpositEC, 143. 
Coiuluplieate, 16. 
Cone, 38. 
Conifer®, 222. 
Conjugate, 269. 
Connective, 48. 
ConvolvuluceEe, 158. 
Cinivohitu, 17. 
Corm, 7. 
Cormophyta, 2. 
Corciiiii, 44. 
Corolliflornl, 37. 
Corona, 45. 
CoronarieiB, 188. 



Corpuscular, 228. 

Corymb, 38. 

Cotyledons, 18. 

Covering leaves, 19. 

Craasulacese, 126. 

Creniucarp, 60. 

Crenate, 26. 

Cruoiferce, 96. 

Cryptogam ia, 225. 

CucurbitHuete, 134, 

Cupule, 61. 

Cyauophyeeoe, 270. 

CyiitlieaueiB, 238. -*• 

Cyoftdeic, 223. 

Cycle, 20. 

Cyniose, 14. 

Cyperaoeso, 213. 

Cypaoht, CI. 

Daplmales, 86. 

D.invin's classification nf climbing 

stems, 12. 
Daocus carota, 5. 
DeCiiudriii, 80b. 
Deciduous, 42, 
Decompound, 30. 
Decurrent, 22. 
Decussate, 20. 
Dehiscent fruits, 58. 
Dentate, 26. 
Dextrorse, 11. 
Diadelpliia, SOJ. 
Diadelphous, 49, 
Diandria, 80a. 
Diehasium, 14. 
Dichotomese, 234, 
Dieliotouiona, 14. 
Dielamydeoua, 34. 
Diclinous, 35. [80*. 

Dicotyledonous cohorts (abstract of), 
Dicotyledonous orders (abstract 

of), 80Z. [87. 

Dicotyledonous orders (details of), 
Dicotyledons, SOh. 
Didynamia, BOi. 
Didynarnous, 48. 
Differentiation, 2. 
Digitate, 28. 
Dilleniaeete, 88. 
Dicecia, 80c. 
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Dioecious, 35. 
Dioscorideas, '98. 
Dipterocarpeas, 104, 
DiscifloriB, 80;;. 
Disoomycetes, 277. 
Dodecandria, 80J, 
Drupe, 60. 

TCbenaceEC, 147. 
Ebenales, SOz. 
Elmngnacege, 175. 
Emarginate, 26. 
Embricnte, 16. 
Embryo-sac, 55. 
Endocarp, 56. 
Endosperm, 69. 
Rnneandria, 80&. 
Epliipbytic roots, 0. 
Epicavp 56. 
Epigyna;, 187. 
Epigynnus, 49. 
Equisefcacere, 234-241. 
Equitant, 16. 
Ericales, 80iu. 
Erysipbea3, 277. 
Encyclic, 37. 
EapnnrbifiPere, 171. 
Etiphorbinle9, 84. 
Extrorse, 51. 

Families, 79. 

Fibrous root, 5. 

Ficoiclnles, 80u>. 

Pious Indion, 6. 

Filament, 48. 

FUices, 230. 

Filieineaj, 229. 

Filiform, 48. 

Floats, 32. 

Floral diagram of a typical mono* 

cotyledon, 186. 
Floral diagram (The), 76. 
Floral leaves, 19. 
Florelfl, 39. 
Floridetn, 265, 

Flower of n grass (diagram of). 215. 
Flower of an orchid (diagram of), 

194. 
Flower (The), 34. 
Foliage leaves, 1 8, 



Follicle, 58. [50. 

Forms of androseinm (abstract of'. 
Forms of calyx (abstract of 1 , 43. 
Forms of corolla (abstract of), 46. 
Forms of Foliage leaves, 23. 
Forms of Foliage leaves (abstract 

of), 31. 
Forms of f>yno2cium (abstract of, ffJ). 
Forms of inflorescence (abstract of), 

40. 
Forms of Perianth (abstract of), 47. 
Forms of stems (abstract of), 13. 
Fruit (The), 56. 
Fruits classification of (abstract of), 

65, 67. 
Fruits (entable portion of), 68. 
Fucaceas, 266. 
Funnu'iacete, 96, 
Fungi, 271. 
Funiculus, 54, 68. 
Fusiform root, 4, 

Galbulus, 64. 
Gamopetuloe, 80s. 
Gamopliylloua, 47. 
Grnmosepnlmis, 42. 
Gnsteromyeetes, 275. 
Gemmse, 15. 
Gentianaaece, 154. 
Gentianales, 80,t. 
Genus, 78, 
Geraneaceaa, 109. 
Geraniales, SOp. 
Gibous, 42. 
Glabrous, 33. 
Glandular hairs, 33. 
Glims, 61. 
Gleicbeniaeem, 239. 
Globule, 264. 
Glumales, 190. 
Glumes, 19. 
GnetaCRCe, 221. 
Gonidia, 277. 
Griiurineoj, 214. 
Guttifeiw, 103. 
Guttiferales, 80o. 
Gymnospevima, 221 . 
Gymnnspcrmia, 80g\ 
Gynteciuro, (The), 51. 
Gynandria, 80c. 
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Gynandrophore, 36. 
GynandroHs, 49. 
Gynobasie, 52. 
Gynophore, 36. 

Hairs, 2. 33. 
Heptaudria, 805. 
Hermaphrodite, 85. 
Heterophyllous, 30. 
Hexandria, 80b, 
Ililuin, G8. 
Hispid, 33. 
Hooks, U. 
HydrocharideEe, 190. 
Ilymeiiimn, '272. 
IlymenoniyeelGS, 273. 
Hymenophylliieeso, 239. 
IlypericaceiE, 103. 
llypl.ic, 271. 
Hypocraterif'orm, 45. 
Ilypogynous, 49. 

leosandria, 80S. 
Impiiri -pinna re, 29. 
Int-ninpletsc, 83. 
Infioreseenee, 37. 
Iiifuiulibuliforiri, 42. 
Insertion, 21. 
Tnteniodes, 1 5. 
Introrse, 51. 
Involucre, 39. 
Involute, 16. 
Iscetea). 243. 
Isomerous, 37. 
Jsostemoiioiis, 37. 

Jupa, 29. 
Jimeacese, 204. 
JunyermannicK, 254, 

Labellum, 47. 
Labialao, 160. 
LamhilePj 82. 
Lamina, 21. 
Luuraeese, 177. 
Lum-alee, SO. 
Leaflet, 23. 
Leaves, IS. 

Leaves (abstract of), 1 ,9, 
Legume, 58, 
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LeguminosiB, 121. 
Lemna, 3. 
Lichens, 277, 278. 
Ligulalso, 234. 
Lignlate, 45. 
Lisrule, 22. 
LiJmeesB, 200. 
iimcese, 111. 
Linnean classes, 80a. 
Lubed, 27. 
Loeuliuidal, 59. 
Lodiculsc, 47. 
Loganiacece, 153. 
Loranthaceai, 1G8. 
Loranthus, 6. 
Lycopodiaceaa, 235. 
Lycopodiere, 243. 
Lytbracese, 129. 

Macrospore, 227. 

Mfignoliacea:, 89. 

Mnlpigliincete, 112. 

Malvaceae, 105. 

Mnlvales, 80o. 

Marattiacese, 236. 

Marcescent, 43. 

Marchantiese, 254. 

Margin of leaf, 20. 

Marsilineese, 239. 

Medullary rays, S0i. 

MelasfcoinacetB, 128. 

McliacefO, 115. 

Member, 2. 

MenifipeniiaceiE, 91. 

Mesooarp, 5G. 

Metamorphosed leaves, 2. 

Mioropyle, 55. 

Microspores, 227. 

Mid-rib. 18. 

Mimosese, 124. [15. 

Modes of branching (abstract of), 

Mcnaeia, 80c. 

Monadelphia, 805. 

Monadelphous, 49. 

Mouandria, 80«. 

Monocarpellary, 52, 

Monoclamydeous, 34. 

M (modem, 254. 

Monocotyledons, 183. [of), 187. 

Monoeotyledonous orders (abstract 
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MonocotyleclonoiiH orders (details 

of), 190. 
Monoecious, 3a. 
Monopodia!, 14. 
Morinrencese, 100. 
Mucronate, 26. 
Mncule, 264. 
Muwi, 247. 
Mnscinero, 244. 
MyristieaceiB, 177, 
Myvsinacess, 147. 
Myrtacea;, 127. 
Myrtnles, 80s. 
Myxomycetes, 283. 

Naiadnceaj, 211. 
Napifnrm root, 5. 
Natural system, The, SOg, 
Nelumbincese, 94. 
Nepenthes, 32. 
Nucleus, 55. 
Nudiflorte, 189. 
Nntritiwi, 1. 
Nycta»innceEB, 181. 
Nymphasacese, 93, 

Obdolute, 16. 

Ochroa, 22. 

Oetandrin, 80J. 

(Edogonieaa, 267. 

Oleaeeze, 149. 

Onarrraeete, 131, 

Oogonium, 2:26. 

Oospliere, 22S. 

Oospores, 258. 

0|)lu»»lossaceai, 235. 

Oputitin, 9. 

OrcliideiB, 194. [250, 

Orders of Ilepaticce (abstract of). 

Orders of MuscineEe (abstract of), 

246. 
Orders of Musrinea (details of), 251. 
Orders of Tlmllopbyta (abstract of), 

25G, 257. 
Organ, 2. 

Orobanchnceas, 164. 
Ortliotropons, 55. 
Osmundneese, 238. 
Ovary, 52. 
OxalidaaesB, 112. 



Palefe, 19. 
Palraatifid, 27. 
Palmatipartite, 26. 
Palmatisect, 26. 
Palmese, 205. 
Pandauaeerc, 207. 
Panicle, 38. 
Papaveracetc, 95. 
Papayaceaj, 137. 
Papilionaceffi, 122. 
Papilionaceous, 45. 
Pappus, 43. 
Parasitic roots, 6. 
Parietales, 80?n. 
Pari-pinnate, 29. 
Passiflovaoeso, 134. 
PassiuVales, 80f. 
Peclate, 28. 
Pedicel, 37. 
Peduncle, 36, 37. 
Peltate, 25. 
Peltate hairs, 33. 
Pentamlria, 80a. 
Pepo, 62. 
Perianth, 34. 
Perianth (The), 47. 
Pericarp, 56. 
PericliEBtium, 245. 
Perigynous, 49. 
Fevisponn, G9. 
Peristome, 251. 
Personales, 82. 
Personate, 45. 
Petals, 44. 
Petiole, 21. 
Phasacea?, 253. 
Phvconiycetes, 2S1. 
Phyllome, 2, 18. 
Pbyllotaxis, 20. 
Pileus, 273. 
Pinnate, 28. 
Pinnatifid, 27. 
Pinnalipartile, 26. 
Pimiatisect, 2fi. 
PiperacesG, 170. 
Piperales, 84. 
Pista, 6. 
Pistincero, 210. 
Pistil, 51. 
Pistillate, 35. 
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Pitcher plant, 32. 

Pith, 80i. 

Placenta, 54. 

Plant (definition), 3, 

Plants (description of), 71 

Plasmodium, '283, 

Plicate, 1 7. 

Plumbnginaceae, 145. 

Polemoiiiacece, 157. 

Polemoniales, SI. 

Pollen .grm'iis, 50. 

Pollen snes, 50. 

PoIIinia, 51. 

Polyadelphia, 80c. 

Polyadelphous, 49. 

Polyandi'in. 80*. 

Polyuarpellary, 52. 

Polyifiilacca3,"l00. 

Polynrnlales, 807!. 

Polyguinia a-qunlis, 80r. 
„ fi-ustranen, 80c 
„ Tiecessfti'iu, SQc. 
„ Se£jr(>2!it.'). fiOc. 

Polypimia supeillua, SOo. 

Polygamous, 36. 

Polygoiiacem, 178. 

PoiypodiaceiE, 236. 

Pome, 64. 

PnntederiaceiE, 203. 

Porous dehiscence, 51. 

Portnlncaceffi, 102. 

Prefloratiou, 17. 

Prefoliation, 17. 

Prickles, 34. 

Primary-root, 3. 

Pi'imulales, 80w. 

Protaacere, 176. 

Prothalluim, 226. 

Protonema, 244. 

Protophyta, 260. 

Psilotesa, 244. 

Pubescent, 33. 

Pulvinus, 21. 

Piitameii, 57. 

Pyrenomyoefes, 276. 

Pyxidium, 58. 



Qnernfllps, 84. 
Quiucunuiul, 16. 



Raceme, 38. 

Racemose, 14. 

Itachis, 37. 

Ranales, 802. 

llamiuculaceEB, 87. > 

Raphe, 55. 

Repand, 2fi. 

Resedaeeaa, 98. 

Retinaculum, 51. 

Revolute, 16. 

RhammicejE, 116. 

Rhizoearpeas, 233. 

Rhizomes, 7. 

Rhizophoraeese, 132. 

Riceiese, 254. 

Root, 3. 

Root abstract of forms of, 5, 

Root-cap, 2. 
Rosace ec, 125. 
Roaales, 80)'. 
Rubiaceas, 1 41. 
Rubiales, 80u. 
Runners, 9. 

SaccharomyeM, 283. 

Salviniaceai, 240. 

Samara, 61. 

Santalacece, 169. 

Sfinbilnles, 83. 

'Sapiwlaceaj, 117. 

Sapindales, 80r. 

Sapotucese, 148. 

Sareocarp, 57. 

Scape, 37. 

Schedules (Professor Ilenalow'a) 73. 

Schizaeacea;, 238. 

Schizoearp, 58. 

Suhizomycetes, 284. 

Scitaniinpte, 192. 

Scorpioid cyme, 3D. 

Scrophulariuoero, 163. 

Secondary root, 3. 

Sehi»!nelleaa, 242. 

Septicklal, 59. 

Septifragal, 59. 

Serrate, 26, 

Seta, 245. 

Sexual system, 80. 

Siliqua, 58. 
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Riphoneaj, 268. 
Sinisti'Oi'se, 11. 
SmilaeeiB, 203. 
Solauacerc, 135. 
Sorosis, 64. 
Spaclix, 38. 
Spatlie, 19, 3S. 
Species, 77. 
Spevmatozoid, 226. 
Spliagn.icete, 253. 
Spike, 38. 
Spines, 34. 
Spores, 226. 
Square stems, 9. 
Stamen, 48. 
Staminate, 35. 
Stem, 7. 

Stevculiaeeos, 106. 
Stigma, 52. 
Stins, 34. 
Stipitate, 36. 
Stipuktm, 230. 
Stipules, 22. 
Stolon, 9. 
Strobilus, 64. 
Style, 52. 
Syconous. 64. 
Styracese, 148, 
Sympode, 14. 
Syncarpous, 53. 
Syngenesia, SOc. 
Sytigenesious, 49. 
Synsepalous, 42. 

Tninaricacem, 102. 
Tap root, 4. 
Teamen, 55. 
Tendrils, 11,32. 
Terminal bud, 15. 
Tei-uHtrocmiaceaj, 104. 
Testa, 55. 

Tetrad y n amia, 80&. 
Totradynamous, 48' 
Tetramlia, 80a. 
Tetraspore, 265. 
Texture of leaves, 82. 
TUakiuiflorro, 801. 
Tlmlainiflural, 37. 
Tliftlaimis, 36, 
Thallopliyta, 2, 255. 



Tbeca, 245. 
Tiliaoeoe, 107. 
Torus, 36. 
Tremellinerq, 273. 
Triudelplious, 49. 
Triandria, 80o. 
Trichogyne, 2S5. 
Triehomes, 2. 
Tviehopliore, 265. 
Tri-pinnate, 30. 
Truncate, 26. 
Trunk, 8. 
Tuberacea;, 276. 
Tuberous root, 5. 
Tubers, 8. 
Tubular, 42. 
Twining stems, 1 ] . 
Typhaceas, 209. 

TJmbellales, 80u. 
UnibellifercB, 140. 
Urtioaceaj, 173. 
Urticales, 85. 
Utrieulai'iaeese, 1G4. 

Vnginate, 21. 

Valvafe, 16. 

Vanda Koxburgliii, 6. 

Variety, 77. 

Vascular cryptogams, 226. 

Vascular cryptoguinio orders (ab- 
stract of), 229. 

Vascular cryptogamic orders (de- 
tails of), 235. 

Verbenacefe, Hi2. 

Vernation, 16. 

Venice], 20. 

Vexillary, 16. 

Vexillmu, 45. 

Villous, 33. 

Violiiccas, 99. 

ViUcea;, 116. 

Volvociueaj, 269. 

Whorl, 20. 

Zygomycetes, 282. 
Zygophyllaoere, 113. 
Zygospores, 259. 
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OPINIONS OF THE K&ESS. 



" Mr. Gregg's ' Text-book of Indian Botany ' bids fair to remove ft serious 
stumbling block from tlie path of Indian Studenta of tliia science . . . aud 
while in every way au cowant with the most recent state of the science, draws all 
its illustrations from plants easily procurable in the country."— The Englishman. 

" 'He book is a complete iulroduetion to Botany, illustrated by familiar Indian 
^ypes, and as such cannot fail to be of the greatest value to all who are interested 
in the Flora of this country. Almost every page contain several well-drawn 

arid clearly-cut wood engruriiigs , Every district officer and 

Sover of natural history should possess a copy," — The Asian, 

" It ia a book which, in fulness of detail, wide grasp of knowledge, and skill 
in setting it forth, reflect the highest credit on Mr. W. 11, Gregg, and which 
ought to command for it the very highest place among text-books of Indian 
Botany," — Indian Daily Neu>s. 

" The seope of the book is very complete, and if future chapters are as compact 
anil .clear as these, it will admirably fulfil the functions oi a text-book, Au 
elementary treatise on Hotany with Indian illustrations has become an absolute 
necessity in these days when so much importance is attached in oducution, ami 
lightly ao, to physical science ; and Mr. Gregg's work promises, as far as we are 
able to judge, to supply the desideratum. " — Indian Medical Gazette. 



